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INTRODUCTION 
The nature and extent of varlaMllty In a plant popu­
lation are of prime Importance In any crop improvement 
program. Efforts of many forage hreeders are concentrated 
on the evaluation of variability BO that parental material 
high In combining ability can be selected for the production 
of synthetic varieties. The ultimate success of such se­
lection programs depends upon a Judicious choice of breeding 
plans and testing procedures. 
Generally, breeding programs are initiated with pheno-
typic selection In space-planted nurseries comprised of 
highly variable plant populations. To facilitate selection 
it would be helpful to know what fraction of the observed 
total variability is controlled by genes, for genetic advance 
with phenotypic selection is dependent upon the extent of 
genetic variation. Likewise, a knowledge of Interrelation­
ships among important agronomic characters may be useful 
in formulating selection procedures. Selected plants 
usually are evaluated for combining ability in progeny 
tests. At all stages of evaluation the choice of an ef­
ficient planting method is an Important consideration. 
Progeny tests may be conducted in spaced- or row-plantings, 
but performance of bromegrass under these conditions may 
not be Indicative of performance in solid stands. Since 
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"broraegraes usually Is grown in aasooiation with alfalfa in 
the Middle West, there may be need for evaluating selections 
in grass-legume mixtures early in the testing program. 
Recently, genotypio changes possibly effected by natural 
selection have been detected in the alfalfa synthetic, 
Ranger. These changes have occurred as a consequence of 
seed production outside the recommended area of adaptation. 
It is of interest in this regard to determine whether similar 
alterations have occurred in bromegrass varieties due to 
production of seed in regions at varying distonces away 
from the area of origin. 
The present investigation was designed to obtain infor­
mation related to the problems suggested above from plant 
material oonslsting of a number of seed lots of Fischer, 
Lincoln, Achenbach, and Elsberry bromegrass varieties ob­
tained from various locations in the United States. In 
addition, sixteen other varieties of diverse origin and 
three clones were included in the studies. The main ob­
jectives of this investigation with bromegrass, Bromus 
Inermis, were; (1) to measure plant-to-plant variability 
and to estimate the extent to which this variability was 
genetically controlled, (2) to study interrelationships 
among certain agronomic characters, (3) to compare per­
formance of strains in spaced and broadcast plantings, and 
(U) to determine whether genetic alterations have occurred 
in four standard bromegrass varieties. Also, comparative 
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obBervatlons were made on general performance of northern 
and southern strains of bromegrasa to obtain Information of 
praotloal significance. 
k 
LITERATURE REVIEW 
The literature on the cytology and genetloa of a 
number of forage species was reviewed by Atwood (2) and 
Myers (2^). Guenther (6) and Hawk (9) summarized ex­
tensively results of Investigations concerned with the 
culture and breeding of bromegrass. Problems peculiar to 
forage crop breeding were discussed by Johnson (13). This 
literature review will be confined to papers pertinent to 
strain performance, the effect of natural selection upon 
seed Inoreases in crop plants, plant-to-plant variability, 
and methods of planting. 
Bromegrass Strain Performance 
Bromegrass strains have been classified into two types 
depending upon their origin, adaptation, agronomic per­
formance, and morphological differences. Zereblna (36) was 
one of the first to indicate the existence of distinct 
types differing in morphology and adaptation within the 
species Bromus inermiSt Leyss, He recognized the main 
groups as the northern and southern cllmatypes, 
Newell and Kelm (26) classified a number of bromegrass 
strains according to their source of origin into northern 
and southern types and studied them in a field test in 
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NebraBka. Compared with northern strains, southern types 
produced more vigorous seedlings under short days of early 
fall and spring, were more tolerant to midsummer heat and 
drought, possessed more vegetative vigor, and produced 
greater forage yields. In general, the strains gave in­
creasingly higher forage yields as locations of seed sources 
changed from north to south. Seed prod.uctlon followed a 
trend similar to that of forage yield during the second 
year of establishment. This variability In performance 
suggested that the northern and southern types were of 
different parental origin, and that natural selection due 
to environmental conditions had modified the genetic compo­
sition both before and after introduction into the United 
States from Europe, The authors also traced the histoiTr of 
bromegrass introduction into this country. Apparently, 
seed was first introduced from Hungary, via France, in 
188^, and a second introduction came from Russia in 1898. 
These different sources of seed from Europe may account for 
the distinct northern and southern types observed by these 
men. 
Oomparlsons made by Wilsie (35) and Churchill (5) in 
the Middle West demonstrated that southern strains were 
superior to northern strains in forage production and 
aggressiveness, whether grown alone or in mixtures with 
legumes. Differences in yield performance were not as 
great in a number of field tests carried on in Canada by 
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Knowles and White (17). In general, northern types yielded 
more In the more northern latitudes In Canada, "but lees 
than southern types In southern Canada. Neither appeared 
to have an advantage where sown In association with alfalfa. 
Southern varieties had wider, coarser, and more glaucous 
leaves, were more persistent, and more resistant to drought 
and leaf-"blotoh than northern types. Both appeared similar 
In seedling vigor. It vma suggested that the "northern" 
and "southern" designations Inferred greater differences 
In adaptation and photoperiodic response than actually 
shown In their tests. 
Wllsle (35) demonstrated that natural selection 
pressure apparently could modify bromegrass strains. Seed 
from old Iowa stands of northern origin was compared with 
regular Canadian and southern strains. The southern strains 
yielded most, and the Canadian strains least, while the 
"naturalized" strains were intermediate in performance. 
This was interpreted to indicate that the latter had under­
gone changes In genotype under the environmental conditions 
in Iowa. 
The fact that natural selection can alter the genotype 
is of practical significanoe. If seed of a variety is 
produced in areas away from the point of its origin or 
adaptation, it may produce a population of plants genetically 
different from the original one. Smith and O-raher (29) 
have shown that such changes did occur in the production of 
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alfalfa seed. First generation Ranger alfalfa seed from 
Arizona produced plant populations that were taller, on the 
average, and leas winter hardy than plants from seed pro­
duced In Montana. Hov^ever, yield dlfferenoee were not 
significant when tested under Vflsoonsln conditions. Differ­
ences In performance for total yield and v;lnter-hardlness 
among northern and southern seed souroes were more marked 
In second generation seed stocks. Plots from seed produced 
In southern areas had a higher Incidence of winter killing, 
and their yields were noticeably reduced as compared with 
plots sown with seed from northern latitudes. Theee changes 
In Rsnger alfalfa were attributed. In part, to the shorter 
day length of the southern areas, though other possible 
causes of alterations In the populations were suggested. 
In a similar study under New York conditions, Mu3?phy and 
Kohll (?3) found no significant differences among certified 
seed Increases of Ranger alfalfa from Nebraska, Montana, 
and Arizona with respect to yield, disease reaction, 
recovery, stand, and vigor. No evidence of similar ex­
periments with varieties of broraegrass was found In the 
literature. 
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Kvaluatlon of Genetic and Environmental 
Variation In Space-Planted Nurseries 
In common with other crop "breeding programs, present 
attempts to develop new and superior strains of bromegrass 
usually start with the evaluation of Individual plants In 
space-planted nurseries. From a breeding standpoint, 
selection on the basis of single plant performance probably 
Is useful only for altering frequencies of genes con­
ditioning characters which are highly heritable. Subsequent 
evaluation In replicated clonal nurseries may give more 
accurate results, according to evidence presented "by a 
number of forage breeders. 
Measurements of plant-to-plant variability in space-
planted nurseries have been useful for studies of the 
nature and extent of variation v/hich exists in plant popu­
lations. Burton {h) partitioned total variation into its 
genetic and environmental components to derive heritsbllity 
estimates for a number of agronomic oharaoterlstics in 
pearl millet. Herltabllity estimates were obtained by 
applying the formula, 
cr  ^ cr 
2 1 
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where ^ Ff and ^ were varlanoee for F2 and F^ popu­
lations of each cross, respeotlvely. He found variation 
In height and leaf vrldth to be largely genetic, while yield 
differences were due almost wholly to environmental effects. 
The herltahlllty value obtained for yield was -0,56. 
McDonald, Kalton, and V/elas (21) obtained negative 
herltablllty estimates for yield and spread In progenies 
of bromegrass clones. Variability In height was about half 
genetic In nature. It was concluded that selection for 
such characters as yield and spread In spaced plantings 
might be of doubtful value. Kalton, 3mlt, and Leffel (lij-) 
found genetic variance of yield and panicle number negative 
or very low among S^. orchardgrass plants. Herltablllty 
percentages were 511 39, ond 42^ for spring vigor score, 
leaflness score, and plant height, respectively, when 
arithmetic mean variances were used. Similar estimates 
were obtained with utilization of antllog mean variances. 
Theoretically, negative herltablllty values are Impossible 
under ordinary genetic situations, but the fact that they 
have been obtained emphasizes the large effects of 
environment upon the expression of yield In spaced plantings. 
Selection of spaced plants on the basis of yield apparently 
would lead to only negligible genetic progress. 
Parent-progeny correlations also provide some measure 
of herltablllty of agronomic characters. Such associations 
were studied In bromegrass by Hawk and Wllsle (11), 
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McDonald, Kalton, and Weiss (21), Knowlee (16), Tsleng (31), 
and CJuenther (6), Blmllar studies have been made In orchard-
grass by WelSB, Taylor, and Johnson (3^), Leffel (20), and 
Kalton, Smit, and Leffel (1^). In general, lower oorre-
latlona were noted when comparlaone Involved yield of forage 
than when oomparlaonB involved disease resletanoe, spreading 
habit, height, and leaf width. Rate of spread appeared to 
be a confounding factor In the degree of parent-progeny 
associations In bromegrass. 
An example of possible progress from phenotyplc se­
lection In Isolated space-planted nurseries was given by 
Harlan (8). He was able to fix narrow- and wide-leaf.types 
In only two cycles of selection, Indicating that leaf width 
was highly heritable. Narrow stem diameter and late flower­
ing were easily fixed as well. Abundance of leaves, on the 
other hand, responded less to phenotyplc selection. 
Intercharacter Associations 
Interrelationships among agronomic characteristics 
may be of practical slgnlfloanoe beoauae they Indicate the 
poBslbllltlee of obtaining desirable combinations In 
selected material. Such asBoclatlonfl were Investigated in 
bromegrass by Kirk (15), Hawk (9)> Tslang (31), McDonald, 
Kalton, and Weiss (21), Q-uenther (6), and Pickett (28). 
Kalton, Smlt, and Leffel (1^) and Leffel (20) studied 
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similar relatlonahlpe In orohardgrass. In general, spring 
vigor, yield, and leaflnesa were positively and olosely 
Interrelated. Spread was highly correlated with spring 
vigor end yield, whereas relationships "between the latter 
character and height usually were too low to "be of predictive 
value. Negative associations of leaf width with leafiness 
and spring vigor were noted. Spring vigor and yield v/ere 
strongly related to panicle production and to aftermath 
growth. Other correlations of Interest are those involving 
morphological characters with nutritional factors. Pickett 
(28) found that protein and carotene content were negatively 
associated with vegetative vigor and leafiness, respectively. 
Correlations "between agronomic characters of pearl 
millet were partitioned into genetical and environmental 
components by Burton (4), and in biennial yellow sweet 
clover by Hoover (12). The former calculated genetic corre­
lation ooefflcients by application of the formula, 
cvXYpg - cvXYp^ 
(vXpg vXp^) (vYp^g - vTp^) 
where cv and v represent oovarlance and variance in the 
and P2 populations. The latter obtained environmental, 
genetic, and observed correlation coefficients by dividing 
the appropriate oovariances by the geometric means of the 
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corresponding varlanoes In a heterogeneous population of 
sweet clover plants. Q-enetlo correlations were usually 
larger than observed correlations, Indicating that the 
environment often maslcs true genetic relationships. 
Comparison of Planting Methods 
Planting method Is another factor of considerable 
importance In grass breeding and strain evaluation. A 
number of planting methods are available to the forage 
breeder, though literature concemlng the most efficient 
methods Is controversial. Presumably, the most effective 
methods would be those which simulate closely the farm 
conditions under which the crop Is to be grown. However, 
small quantities of seed and availability of funds, labor, 
and space are problems that the breeder must consider when 
choosing a planting method. 
Q-enerally, a forage breeding program Is Initiated In 
a space-planted nursery, and It Is Important to know 
whether the performance of spaced plants Is similar to that 
of broadcast plantings of the same material. Kramer (18) 
found a consistent lack of relationship between character­
istics of bluegrass plants In spaced and solid plantings. 
Yields of bromegrass clones In spaced-plantlngs were not 
closely related to yields of their open-polllnatlon progenies 
seeded In 12-lnoh rows or broadcast plots In a study by 
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Guenther (6). He oonoluded that selection of clones on the 
"baela of yield as spaoed-plants v/ould result In no Improve­
ment In yielding ability In solid eeedlngs. On the other 
hand, Hawk (9) found significant positive assoolatlons be­
tween clonal yields In replicated rows and spaced plantings. 
Yields of "both clonal rows and spaced plantings also were 
positively and significantly correlated with yields of their 
open-polllnatlon progenies planted In drilled rows, 
McDonald, Kalton, and Weiss (21) observed a low association 
for open-polllnatlon progenies from the same seed sources 
when they were planted In drllled-rows and space-planted 
tests. 
In an alfalfa nursery technique study, Tysdal and 
Klesselbach (32) observed that space-planted tests were 
less accurate than solid-drilled plots for determining 
varietal yield differences. Reduced accuracy of the spaced 
plantings was attributed to the differential spreading 
abilities of varieties under observation. Yields from 
single- or multiple-row plots spaced eighteen or twenty 
inches apart compared favorably with field plots. 
Yields of bromegrass grown in drilled rows three feet 
apart and in broadcast plots were significantly correlated 
(r » 0.92 and 0.64, respectively) for first and second 
cuttings in a study conducted by Wilsie (35). Murphy (22) 
investigated relationships among various types of progenies 
from selected plants and effect of different planting methods 
lif 
on performance of progenies for orohardgrass, "bromegrass, 
and red fescue. Selfed progenies were sown in epaoe-planted 
rows, and vegetative progenies were In "both space and close-
planted rows. Open-polllnatlon progenies were sown In space-
planted rows, close-drilled rows, and In broadcast plots. 
From hla results, obtained by calculation of correlation 
coefficients and variance Interactions, he concluded that 
plant breeders could use any of these progeny tests or 
planting methods for isolating plants possessing high yield 
potential. Finally, Kramer (19) stated that, In general, 
space-planted plots were of value only for evaluation of a 
few highly heritable characters which were not expressed 
differently In the various plot types. 
Evaluation of forage strains Is complicated further If 
such strains are to be grown In association with legumes. 
It Is Important to select the planting method which will 
evaluate strains In the order of their performance when 
grown In mixtures. Churchill (5), Hawk (9), auenther (6), 
and Wllsle (35) have shown that bromegrass strains and 
selections may differ In compatibility with legumes In 
mixtures. Kentucky bluegrass strains studied by Myers and 
O-arber (25) were significantly different for yield and 
differential competetlve ability with white clover. Evi­
dence of this type Indicates that selections of grasses to 
be grown In association with legumes can be evaluated 
critically only by studying them in mixtures. 
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Atwood and Garber (3) oompared Individual plants of 
white clover for yielding ability in association with Ken­
tucky bluegraas and found obvious differences. In general, 
poor sods were formed by bunchy types with short internodal 
growth, by very prostrate plants, and by open-growing clones, 
while better sods were formed by taller, more spreading, 
and more densely-growing plants. However, the sod forming 
ability of a plant could not be predicted from its per­
formance as a spaced plant. They concluded that selections 
should be tested in sod for proper evaluation of productive 
capacity. Similar results were obtained by Ahlgren, Smith, 
and Nielsen (1). They noted marked differences in ability 
of Kentucky bluegrass strains to compete with white clover. 
However, the yield of spaced plants was of no predictive 
value as to competitive ability when grown in aseoclation 
with white clover in solid-plantings. Yield and disease 
inoldenoe of spaced plants were not correlated significantly 
with the same characteristics of identical selections in 
mass seedlngs. 
Although evaluating grass selections in association 
with legumes would be the most desirable method, it has been 
found that the legume often masks the differential yielding 
potential of the grasses when total yields are considered. 
Estimation of grass and legume components of the mixture 
often may be inaccurate and hand separation is very ex­
pensive and time consuming, consequently, various planting 
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methods have been studied to learn if selections, ultimately 
to be used in mixtures, could be evaluated adequately when 
grown alone, 
Churchill (5) noted that differences in yield of brome-
grass strains were smaller when grown in mixture with 
alfalfa than when grown alone. Strains which produced very 
low yields alone were more comparable to better strains in 
the mixture, probably due to the balancing effect of alfalfa 
itself. He concluded that it was advisable to evaluate 
strains of bromegrass in mixtures with alfalfa under 
Michigan conditions. Torrie and Allison (30) concluded 
that red-clover selections to be used in mixtures with 
timothy were evaluated effectively in preliminary small plot 
trials in row or broadcast plots seeded with or without 
timothy. If total yields of the mixture were used, it was 
necessary to analyze the components separately because 
yield of timothy masked the lower yields of less vigorous 
clover strains, 
Weiss and Mukerji ( 33 )  found that orchardgrass strains 
reacted differentially to various planting methods in both 
yield and panicle production when seeded alone and with 
legumes. They emphasized, however, that the strain x method 
of planting interaction did not necessarily mean that the 
relative rank in performance of the strains differed with 
the various planting methods. The interaction may have 
resulted if one method increased the range in means as 
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oompared with another method. V/hen strain performance 
under the various planting methods was oompared with the 
solid planted graes-legurae mixture as a standard, the 
broadcast alone method provided a more aoourate strain 
evaluation than 1-foot or 3-foot drill rows sown alone, or 
alternate 1-foot rows with alfalfa. 
Total yields were Indicative of the yielding potential 
and compatibility of bluegrass strains when grown In 
association with white clover, accoMlng to Hanson, Sprague, 
and Myers (7). Because the rant of strains changed with 
respect to total yield of grass and of clover during the 
first two years, It was emphasized that more than two years 
of evaluation were required. 
Q-uenther (6) observed the performance of strains and 
seedling progenies of bromegraas under different planting 
methods. Two widely different genotypes performed similarly 
In row and broadcast plots, whether seeded alone or with 
alfalfa. Open-polllnatlon progenies of ^ 9 clones were 
grown In 12-lnoh rows alone, with alfalfa In 12-lnch 
alternate rows, broadcast alone, and broadcast with alfalfa. 
Yields of bromegrass In 12-lnoh rows alone were not related 
significantly with yields In the broadcast alone plots, 
or with the grass portion of the broadcast plots with alfalfa. 
There was a high positive correlation between the grass 
portion and total plot yields In the alternate 12-lnch row 
seedlngs. Performance of the strains In the alternate row 
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seeding was correlated significantly and positively with 
the grass portion of the grass-legume mixture In broadcast 
plots. He concluded that either total yields or the grass 
portion of alternate 12-lnoh row seedlnga would provide 
adequate evaluation of bromegrass strains early In a testing 
program. 
WllBle (35) studied five varieties of bromegraes In 
broadcast plots alone and with various legumes. The grass 
varieties were ranked similarly In both tests If only the 
grass portions of the mixtures were considered. Total forage 
yields masked differences among the strains. He concluded 
that, In general, preliminary evaluation of bromegraes 
strains could be done In rows or In broadcast plots with or 
without a legume, but for more critical evaluation strains 
should be grown In the mixtures most likely to be used by 
farmers. 
Patterson and Law (27) concluded that the 30-lnoh, 
drilled rows planting method was most effective for testing 
yield differences among nine grass species and strains when 
total yield was used for analysis. Other methods of 
planting compared were; grass and alfalfa In alternate 
6-lnoh rows, and grass and alfalfa In the same row with 
6-lnoh spaclngs between rows. They emphasized that when 
grasses and legumes were grown together, effective evaluation 
of grass performance could be had only by hand separation 
of the components. 
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MATERIALS AND METHODS 
Data for the studlee were obtelned from plantings of 
a number of lots of bromegrass located in two experimental 
nurseries on the Agronomy Farm, Ames, Iowa. Both nurseries 
were planted in the spring of 1951. One was space-planted 
and the other sown broadCBSt, A partial listing of the 
plant materials included appears in Table 1, together with 
additional information concerning seed sources and seed 
production history. All seed lots used were certified In 
1950. The approximate geographic location of each source 
la illUBtrflted in Figure 1. Other varieties included in 
the studies are listed below; 
Variety 
P.I. 172760 
P.I. 1736i^6 
P.I. 173651 
P.I. 1788^3 
P.I. 17B8i^i^ 
Canadian Northern 
Parkland 
Superior 
Mandan ^0^ 
Martin 
Source 
Turkey, via Plant Introduction 
Station, Ames, Iowa 
Turkey, via Plant Introduction 
station, Ames, Iowa 
Turkey, via Plant Introduction 
Station, Ames, Iowa 
Turkey, via Plant Introduction 
Station, Ames, Iowa 
Turkey, via Plant Introduction 
Station, Ames, Iowa 
Dominion Forage Laboratory, 
Saskatoon, Saskatchewan 
Dominion Forage Laboratoxy, 
Saskatoon, Saske.tchewan 
Dominion Forage Laboratoiy, 
Saskatoon, Saskatchewan 
United States Department of Agri­
culture, Mandan, North Dakota 
Minnesota Agricultural Experiment 
Station, St. Paul, Minnesota 
Table 1. Bromegrass lots included in the spaced-plant and broadcast nurseries used 
for variability studies at the Agronomy Farm, Ames, Iowa, in 1951 and 1952. 
Lots of standard Name of Location of Year Generations 
varietiesl/ seed grower seed field planted at location 
1. Fischer Soil Conservation Service Ames, Iowa 
2. Fischer S. F. Josephson Minneota, iiinnesota 19^ 6 1 
3. Fischer C. H. Jensen Audubon, Iowa 19^ 8 2 
Fischer Soil Conservation Service Big Flats, New York 1949 1 
5. Fischer 0. E. Morton Estherville, Iowa 19^ 8 1 
6. Fischer F. Hawthorn Castana, Iowa 19^ 4 1 
7. Fischer J. D. Helraick Columbus Junction, Iowa 19^ 7 1 
1. Lincoln Nebraska Agr. Exp. , St a. Lincoln, Nebraska 
2. Lincoln F. P. Crippen Sanborn, Minnesota 19^ 6 1 
3. Lincoln M. W. Junlcln Smithfield, Nebraska 19^ 9 1 
4. Lincoln C. Seyler Cozad, Nebraska 19^ 9 1 
5. Lincoln G-. H. Due ringer Melvin, Illinois 1947 1 
6. Lincoln E. H. Relss & Son Vinton, Iowa 19^ 8 2 
7. Lincoln L. J. Elbert Pocahontas, Iowa 19^ 9 1 
8. Lincoln C. K, Johnson Aurora, Iowa 1947 1 
1. Achenbach Kansas Agri, Exp, St a. Manhattan, Kans as 
2. Achenbach H. S. Miller Morrill, Kansas 19^4 1 
3. Achenbach ¥, H. Scrivner Whitewater, Kansas 19^ 9 2 
4. Achenbach C. Hatland Walnut, Illinois 19^ 9 1 
1. Elsberry Soil Conservation Service Elsberry, Missouri 
2. Elsberry Soil Conservation Service Zaneeville, Ohio 
n / 
i/"Numbers refer to locations of seed soiirces in Figiire 1. 
Minnesota 
lowo 
A NebrasKa 
issouri 
Kansas 
N> 
KEY: QSOURCES OF FISCHER 
^SOURCES OF LINCOLN 
• SOURCES OF ACHENBACH 
Z7S0URCES OF ELSBERRY 
Figure 1. Locatione of seed sources of "bromegrass lots included in 
the variability study in 1951 and 1952. 
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Variety 
Manchar 
Homesteader 
Oklahoma No. 1 
Oklahoma Synthetic 
Texas Renner Strain 
Lyon 
Lancaster 
Rasmussen 
Clone 521 
Clone 561 
Clone 471 
Source 
Idaho Agricultural Experiment 
Station, Moscow, Idaho 
South Dakota Agricultural Experi­
ment Station, Brookings, 
South Dakota 
Oklahoma Agricultural Experiment 
Station, Stillwater, Oklahoma 
Oklahoma Agricultural Experiment 
Station, Stillwater, Oklahoma 
Texas Research Foundation, Renner, 
Texas 
Nebraska Agricultural Experiment 
Station, Lincoln, Nebraska 
Nebraska Agricultural Experiment 
Station, Lincoln, Nebraska 
W.H. Rasmussen, Maquoketa, Iowa 
Agronomy Farm, Ames, Iowa 
Agronomy Farm, Ames, Iowa 
Agronomy Farm, Ames, Iowa 
The broadcast nursery included all the bromegrass lots 
recorded in Table 1 and those listed as "other varieties", 
except for the clones and the Plant Introduction strains. 
Thus, a total of entries were included In this test. The 
planting plan was a randomized split-plot design with four 
replications of each subplot, Whole plots consisted of two 
methods of planting - pure stands and in mixture with alfalfa. 
Varieties and seed lots made up the subplots. After the 
plots of bromegrass were broadcast by hand, a small nursery 
seeder was used to over-seed four of the whole plots with 
Ranger alfalfa. Uniform broadcasting of the bromegrass seed 
was attained by mixing the seed with a generous portion of 
moist sand before spreading it by hand. Each subplot was 
5 feet wide by 13 feet long without alleyways. A border 
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strip of alfalfa-bromegrasB mixture was seeded on all aides 
of the nursery. Planting rates were l6 pounds per acre 
for the hromegrass seeded alone, and 8 pounds of "bromegrass 
plus 8 pounds of alfalfa per acre for the mixture. The 
entire nursery was planted to oats as a companion orop. 
Fertilizer was applied to the entire nursery at the rate of 
^00 pounds per acre each of 20-0-0 and ^-16-8 before planting 
time. Approximately 200 pounds per acre of 33-.0-O fertilizer 
was "broadoaet on the grass portion of the test In April, 
1952, to reduce the possibilities of nitrogen deficiency. 
The nursery was clipped for removal of the companion 
crop and to discourage growth of weeds during the year of 
establishment, Good stands of both bromegrass and alfalfa 
were obtained In all plots. Two harvests were made during 
the 1952 growing season. The first crop was cut between 
June 23 and 30 by mowing a strip 32 Inches by 82 Incheo 
through the center of each plot. Plots seeded to the brome-
alfalfa mixture were hand separated Into brome and alfalfa 
portions Immediately after cutting. The second crop was 
harvested, on August 18 and 19, but separations of grass and 
alfalfa portions of the mixture were not made. Yields were 
recorded to the nearest one-tenth of a pound of green 
weight. Samples of green forage were taken for moisture 
percentage determinations, and all yield values were com­
puted on a dry weight basis. 
2^ 
Yield data were analyzed atatlatloally for each harvest, 
for the hrome and alfalfa portions, and for the seasonal 
total. In order to study possible differences among seed 
lots of the same varieties, variance components for seed 
lota within strains were Isolated for teats of significance. 
A split-plot analyals was used to obtain Information on the 
method of planting x strains Interaction. 
The space-planted nursery contained forty of the brome-
grass strains and lots previously listed. Two varieties, 
Achenbach, obtained from H. S. Miller, and the Rasmussen 
Strain, were not Included because sufficient numbers of 
seedlings were not obtained. Seed of the 37 lots was sown 
In flats In the greenhouse In early April, and the seedlings 
transplanted to the field during the first week In June, 
1951. By that time the seedlings were approximately one 
foot high and beginning to tiller. Plant material for the 
three clonal entries was obtained from a eource nursery at 
the Agronomy Farm, Special care was practiced In handling 
this material so that propagules of similar size were used 
for transplanting. The experimental plan was a randomized 
complete block design with ten replications, each plot of 
an entry consisting of a single row of ten plants spaced 
38 Inches apart In and between the rows. Border rows were 
planted on all sides of the nursery. 
Weather and soil conditions were especially favorable 
for survival and development of the transplants during the 
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growing season, BO an excellent etand resulted for most 
entries. Although stands were not perfeot, It was believed 
thpt apaoee lacking plants had only a minor Influence, if 
any, on inter-plant competition. In the spring of 1952, 
approximately 75 pounds per acre of elemental nitrogen were 
applied to this nursery to encourage plant grovfth during the 
second growing season. 
All plants in the apaoe-planted nursery were evaluated 
on an individual plant "basis for several important agronomic 
characters as follows: 
Fall vigor - plants were scored on a scale from 0 
to 10 on the basis of spread, height, and foliage density on 
October 10, 1951. A score of 0 indicated failure of es­
tablishment, whereas maximum vegetative growth after 
establishment rated a score of 10. Relative rates of es­
tablishment and growth, as illustrated by scores, are shown 
in Figures Z and 3. 
Hay vigor - plants were scored on a scale from o -
10 on the same basis as fall vigor during the period from 
June 28 to July 3, 1952. 
Height - measured in inches from ground level to 
the tips of the tallest panicles. 
Spread - average diameter in inches of the crown 
at ground level measured July 16 to 18, 1952, after cutting 
off the plants to a uniform height of about 3 inches, 
5. Recovery or aftermath growth - scored on basis of 
vegetative regrowth after cutting the plants to a uniform 
height on July 12. Scores ranged from 1 (little recovery) 
to 5 (maximum recovery) based upon height and density of 
new foliage. Spread was ignored. Measurements of recovery 
were made August 11 and 12, 1952. 
6. Leaf width - a score based on average width in 
millimetera of leaves growing on well developed culms. The 
first leaf below the flag leaf was measured on three culms 
per plant, and an average score of 1 to 5 assigned according 
to the following leaf width classes; 
Figure 2. Plants representing fall vigor scores assigned 
Ootoljer 10, 1952, and "based on spread, height, 
and foliage density. 
Upper; Plant represents a fall vigor soore of 
two. 
Center: Plant represents a fall vigor soore of 
four. 
Lower: Plant represents a fall vigor soore of 
six. 
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Figure 3. PlantB representing fall vigor eooree assigned 
on OctolDer 10, 1952, and "based on spread, 
height, and foliage density. 
Upper: Plant represents a fall vigor eoore of 
eight. 
Lower; Plant repreaente a fall vigor eoore of 
ten. 
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(1) ^"6 mm. 
(2) 6-9 mm. 
(3) 9-12 mm. 
12-15 mm. 
(5) over 15 mm. 
These leaf wl'th olaeaes are Illustrated In Figure 
Plant-to-plant variability within plots in the apaoed-
plant nursery was studied "by computing wlthln-plot vari­
ances for fall vigor score, hay vigor score, height, spread, 
and leaf width score. Because the variances tended to be 
distributed in a skewed manner, they were transformed to 
logarithms for certain analyses. Variance analyses were 
computed on the arithmetic wlthln-plot variance values and 
also on the logarithmic values. 
An estimate of genetic variation for each agronomic 
characteristic was obtained by comparing wlthln-plot vari­
ance for clones with that of the plants propagated from 
seed. Variation among members of a clone was considered 
to be environmental, whereas variation among plants arising 
from open-polllnated seed was considered a consequence of 
both genetic and environmental effects. A numerical value 
was estimated for each character according to the formula, 
erg - eg % 100 
Per  c e n t  g e n e t i c  v a r i a t i o n  =  — ^ ^  
CTp 
2 
where O" p was the grand mean wlthln-plot variance of the 
2 bromegrass lots from open-polllnated seed, and O" ^  was the 
mean wlth-plot variance of the three clones. Mean variances 
Figure 4. Leaves representing mean leaf width scores 
assigned to plants in the space-planted 
experiment. (Approximately one-half natural 
size. ) 
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were computed both ftrlthmetloally and logarithmically, and 
the values substituted Into the formula to compute estimates 
of genetic variation. 
InterrelfttlonBhips among agronomic characters were 
Investigated by calculations of simple correlation coef­
ficients based upon entry totals. Also, genetic and pheno-
typlc correlation coefficients were computed for certain of 
the characters with methods used by Burton (^+) and Hoover 
(12). 
Thirty-two strains were entered In both the broadcast 
and spaced nurseries. The association in performance among 
the three planting methods was studied by computation of 
correlation coefficients. Mean yields in pounds per plot 
in the broadcast test, and spread, height, hay vigor, and 
aftermath recover in the spaced nursery were used as a basis 
of comparison. 
3^ 
EXPERIMENTAL RESULTS 
Results of these Investigations are presented In three 
main seotlons as follows; the hroadoast experiment, the 
apaoe-planted experiment, and a ooraparleon of planting 
methods. Data from the "broadcast experiment, In turn, are 
dlBoussed under three subheadings; (1) agronomic per­
formance, (2) performance of seed lots of standard varie­
ties, and (3) split-plot analyses. Results from the space-
planted experiment are discussed In five parts: (1) agronomic 
performance, (2) performance of seed lota of standard 
Varieties, (3) estimates of plant-to-plant variability, 
(^) estimates of genetic variation and (5) Interrelation­
ships among agronomic characters. 
The Broadcast Experiment 
Agronomic performance 
Good stands of bromegrass and alfalfa were obtained In 
all plots In the broadcast plantings. Consequently, two 
forage harvests were taken from each plot in 1952. Mean 
yield data, expressed in tone per acre of oven-dry weight, 
are summarized in Table 2. Separate analyses of variance 
were computed on first and second harvests yields as well 
as total seasonal forage production of bromegrass sown alone. 
Table 2. Mean yields in 1952 of 3^ bromegrass seed lots sown alone and with alfalfa 
in broadcast plots. (Tons per acre of oven-dry weight) 
Seeded with alfalfa Seeded alone 
First harvest 
Bromegrass 
seed lot 
Broffie Alfalfa Alfalfa Second Annual First Second Annual 
Source portion portion Total (^) harvest total harvest harvest total 
Fischer 
Fischer 
Fischer 
Fischer 
Fischer 
Fischer 
Fischer 
Ames, lovm 
New Yori: 
Hawthorn 
Joeephson 
Helmick 
Korton 
Jensen 
Mean 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Mean 
N.A-E.S. 
Dueringer 
Reiss 
Johnson 
Jtinltin 
Crippen 
Elbert 
Seyler 
Achenbach 
Achenbach 
Achenbach 
Achenbach 
K. A« E. S. 
Scrivner 
Hatland 
Miller 
0.i^ 5 
0.55 
0.^7 
0.76 
0.66 
o.6o 
0.63 
O38 
0.43 
0.52 
0.5^ 
0.55 
0.41 
0.41 
0.55 
0.41 
oT^ B" 
0.55 
0 
0 
1.20 
1.33 
1.33 
1.26 
1.15 
1.20 
1.08 
Mean 
0.3c 
oT45 
1.33 
1.41 
1.37 
1-36 
1.41 
1.62 
1.41 
1.31 
i75r 
1.36 
1.54 
1.35 
1.49 
1.43 
1.66 
1.88 
1.80 
2.03 
1.80 
1.79 
1.71 
1.22 1.80 
1.76 
1.95 
1.92 
1.91 
1.82 
2.02 
1.97 
1.72 
1.89 
1.92 
1.93 
1.80 
1.79 
1.85 
72.4 
69.0 
73-8 
62.6 
63.2 
66.7 
62.2 
VTT 
75.^ 
72.6 
72.4 
71.6 
77.2 
79.6 
71.6 
76.4 
wrs 
72.6 
79.8 
75.6 
83-8 
78.0 
1.5^ 
1.46 
1.48 
1.58 
1.35 
1.46 
1.41 
TJPr 
1.53 
1-61 
1.59 
1.59 
1.68 
1.67 
1.61 
141 
iT^ 
1.49 
1.64 
1.55 
1.52 
1-55 
3.20 
3.35 
3 .28  
3.61 
3.14 
3.25 
3.12 
3.28 
3.30 
3.56 
3.51 
3-50 
3.50 
3.70 
3.59 
3.25 
3  ^
3-42 
3-56 
3.35 
3741 
2.08 
1.86 
2.04 
1.97 
1.98 
2.26 
1.98 
2.10 
1.91 
2.09 
1.92 
1.94 
1.74 
2.07 
1.84 
1.96 
TTW 
1-95 
2.01 
1.89 
1.67 
1.88 
0.45 
0.45 
0.47 
0.42 
C.45 
0.50 
0.48 
O7 
0.48 
0.50 
0.37 
0.45 
0.51 
0.33 
0.52 
0.51 
0.47 
0.47 
0.45 
0.45 
0.43 
0^45 
2.55 
2.33 
2.51 
2.39 
2.44 
2.76 
2.46 
TJis 
2.39 
2.59 
2.28 
2.38 
2.26 
2.45 
2.37 
2.46 
2.39 
2.41 
2.46 
2.34 
2.10 
2.33 
Table 2 (contimzed) 
Bromegraes 
seed lot 
Seeded with alfalfa Seeded alone 
First harvest 
Brome Alfalfa Alfalfa Second Annual First Second Annual 
Source portion portion Total (^) harvest total harvest harvest total 
Elsherry Missouri 0.50 1.40 1.89 74.1 1.59 3.48 2 .06 0.43 2.49 
SIsherry Ohio 0.37 1.4^  1.80 79.0 1.49 3.30 1 .84 0.48 2.3i 
Mean 0.43 l.4i 1.65 76.6 1.5^  3.39 1 -95 0.45 2.4o 
Canadian 
Northern Saskatchewan 0.31 1.36 1.67 80.8 1-59 3.26 1, -76 0.33 2.09 
Superior Saskatchewan 0.2^  1.43 1.67 84.5 1.41 3-08 1. 46 0.38 1.84 
Parkland Saskatchewan 0.2^  1.42 1.66 85-8 1.5s 3.24 1 .51 0.38 1.89 
Mandan North Dakota 0.25 1 52 1.77 85-9 1.58 3-35 1. 71 0.43 2.14 
Manchar Idaho 0.31 1.31 1.62 81.1 1.36 2.99 1 .84 0.51 2.34 
Martin Minnesota O.iH 1.48 1.89 78.4 1.67 3.56 1. 84 0.56 2.40 
Homesteader South Dakota 0.47 1.27 1.74 72.9 1-58 3.32 1, .82 0.47 2.28 
Lyon Nebraska O.k? 1.24 1.71 72.4 1.55 3-26 1. 75 0.45 2.19 
Lancaster Nebraska 0.51 1.36 1.88 72-5 1.62 3.50 1, .70 0.42 2.13 
Texas Renner 
Strain Texas 0.^ 7 1.33 1.79 73.2 1.55 3.35 2. ,10 0.57 2.68 
Oklahoma 
1.56 Synthetic Oklahoma 0.47 1.4o 1.86 75-0 3.42 2. 01 0.49 2.50 
Oklahoma 
3.44 Ho. 1 Oklahoma 0.60 1.31 1.92 71.1 1.52 1. 97 0.55 2.52 
Rasfflussen Iowa 0.47 1.78 74.2 1.56 3-35 2. 20 0.42 2.60 
Mean O.^H 1.36 1.77 77-5 1-55 3.31 1. 82 0.45 2.28 
Grand mean o.ii-7 1.35 1.32 74.7 1-54 3.36 1. 90 0.45 2.37 
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Similar analyses were applied to yield components of the 
plots Bown to grasB-alfalfa mixtures. Finally, split-plot 
analyses were performed on data from the test aa a whole on 
first and second harvest and total annual yields to obtain 
information on the strain x method of planting interactions. 
One of the primary objectives of this study was to 
determine whether environmental selection pressure had 
changed the genetic compositlon of several standard varie­
ties when seed was produced in different areas. Thus, it 
was necessary to subdivide variance due to entry differences 
into components attributable to variation among seed sources 
within each such variety. The remaining varieties were 
placed in a single group for convenience. In all analyses, 
the error variance appropriate to each group was used for 
the test of significanoe. All analyses computed for the 
brome alone portion of the experiment are given in Table 3. 
Adequate nitrogen application and favorable weather 
conditions caused firet harvest yields of brome alone to be 
high. Mean yields in pure stands for the first cutting 
ranged from l,i»'6 to 2.26 tons of dry weight per acre. These 
differences in mean yield were highly significant, as 
indicated by the analysis of variance. In general, strains 
developed in southern areas were superior to northern strains 
such as Mandan 40'+ from North Dakota and the Canadian varie­
ties. Mean differences among groups, though significant, 
were of no special importance since the "other varieties" 
Table 3- Variance analyses for yields of 3^ "bromegrass seed lots sown alone in 
broadcast plots. 
Mean sqtiares 
Source of variation D.F. First Second Annual 
harvest harvest total 
Replications 3 1.^ 62 0,028 0.932 
Entries 33 0.087** 0.008* 0.057** 
Among groups k 0.152* 0.001 0.079* 
Fischer lots 6 0.0^1 0.001 0.027 
Lincoln lots 7 0.035 0.010 0.016 
Achenbach lots 3 0.058 0.001 0.035 
Elsberry lots 1 0.068 0.002 0.023 
Other varieties 12 0.127** o.oi5«* 0.096** 
Entries x replications 99 0.037 0.005 0.027 
Among groups x replications 12 0.035 0.003 0.022 
Fischer lots x replications 18 0.025 0.003 0.015 
Lincoln lots x replications 21 0.033 0.007 0.026 
Achenbach lots x replications 9 o.oif-3 0.011 0.032 
Elsberry lots x replications 3 0.02k 0.010 0.032 
Other varieties x replications 36 0.0^'^' O.OOif 0.03^  
Harvests 1 99.087** 
Harvests x replications 3 0.557 
Harvests x entries 33 0.038** 
Harvests x entries x 
replications 99 0.015 
*F value exceeds the 5 percent level of probability. 
**F value exceeds the 1 percent level of probability. 
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group was arbitrarily made up of mlsoellaneouB etralno. 
Second harvest yields of pure etandfl were low for all 
entries. Again, the Canadian strains were among the lowest 
in forage production, "but the superiority of the southern 
strains was less marked. Although the strains varied In 
forage production to some extent, the range In yields was 
very small (O.33 to 0,57 tons per acre). Southern varie­
ties tended to produce a larger proportion of their total 
yield early In the growing season as compared with northern 
varieties. 
An analysis of the total annual yield of the varieties 
sown alone provided results Identical to first harvest data. 
This was expected since first harvest yields were obviously 
much larger than those obtained from the second cutting. 
The former constituted approximately 80 percent of the 
seasonal total, on the average. 
The significant entries x harvests Interaction Indicates 
that entries responded differentially to the two harvests. 
This Interaction may have been due more to the small range 
in second cutting yields as compared with the relatively 
large range In first harvest yields rather than to shifts 
in relative yield rank. However, some Instances of the 
latter event were evident. 
Entire plots of the grass-alfalfa mixtures were 
separated by hand Into grass and alfalfa components during 
the first harvest, and data from each portion were analyzed 
separately. No separations were made In the aeoond cutting, 
slnoe the amount of grass present In most plots was very 
small. Mean yields of the hrome-alfalfa mixtures wore pre­
sented in Table 2. Analyses of variance for first and 
second harvests and for total yields of the mixtures appear 
in Tahle 
BromegraBS entries differed signifloantly in the quantity 
of grass produced in the mixtures. The low vigor of the 
northern strains, so ohvious in first cutting yields of 
"brome alone, was reflected In poor competitive ahlllty in 
association with alfalfa. Although much of the total vari­
ance was attrlhutahle to group differences, it had little 
moaning because low productivity of the northern strains 
appearing in one group forced Its mean yield downward. 
However, data In Table 2 indicate that the Fischer lots, on 
the average, excelled in ability to become established and 
to compete with alfalfa. Alfalfa constituted only about 6? 
percent of total yield of the first harvest when grown with 
Fischer, whereas, more than 80 percent of the mixtures 
involving northern varieties consisted of the legume portion. 
Other varieties were intermediate In stand establiehment and 
aggressiveness. An analysis of the alfalfa portion also 
provided an indication that the grass strains differed in 
competitive ability. The significant mean square among 
groups probably was due mostly to the lower amount of 
alfalfa In the Fischer mixtures as compared to the other 
Talile k. Variance analyses for yield con^jonents of JU- bromegrase-alfalfa mixtures 
seeded in broadcast plots. 
Mean squares 
Flygt Ka-r'Vfiflt: HI 
Source of variation D.P. Brome Alfalfa Total Second Anniial 
portion portion yield harvest yield 
Replications 3 0. ,019 0.666 0.463 0.058 0, .3^8 
Entries 33 0. ,041* 0.035* 0.032 0.019 0, .037 
Among groups 0. 123* 0.131** 0.055 0. ,049* 
Fischer lots 6 0. 033 0.025 0.039 0. ,018 
Lincoln lots 7 0. 014 0.026 0.032 0. 009 
Achenbach lots 3 0. 029 0.025 0. 015 0. oil 
Elsberry lots 1 0. 021 0.002 0.011 0. 014 
Other varieties 12 0. 039 0.018 0.026 0. 019 
Entries x replications 99 0. 026 0.022 0.024 0.014 0. 0
 
N)
 
Among grotQjs x replications 12 0. 025 0.024 0.028 0. 016 
Fischer lots x replications 18 0. 045 0.036 0.025 0. 025 
Lincoln lots x replications 21 0. oil 0.016 0.020 0. oil 
Achenbach lots x replications 9 0. 039 0.007 0.020 0. 014 
Elsberry lots x replications 3 0. 015 0.019 0.005 0. 010 
Other varieties x replications 36 0. 023 0.021 0.027 0. oil 
Harvests 1 3. 551* 
Harvests x replications 3 0. 173 
Harvests x entries 33 0. 013 
Harvests x entries x replications 99 0. oil 
*F value exceeds the 5 percent level of probability, 
value exceeds the 1 percent level of probability. 
^2 
strains. 
Entries varied little in forage production when total 
first harvest yields of the mixturefl were analyzed. Ap­
parently, the fllfalfa had a "balanolng effect which tended 
to mask differences in productivity of the hroraegrasB strains. 
Inspection of the yield data reveals that strains inferior 
in productive ability on the hasis of the grass portion of 
the mixtures, were on approximately the same yield level as 
more vigorous strains when total yields were considered. 
Second harvest yields consisted almost entirely of 
alfalfa; therefore, analysis of these yields measured in 
some degree the extent to which alfalfa "became established 
in aeaoclatlon with the various bromegrass lots. All entries 
were similar In yield, though the average yield of the 
Fischer group was lowest of all. In plots with this ag­
gressive variety the contribution of alfalfa to total yields 
was somewhat less than in plots of other strains. 
Again, all seed lots yielded virtually the sajne when 
total annual yields of the mixtures were considered. The 
first harvest significantly exceeded the second in forage 
yield, but entries performed in a similar manner in the two 
harvests. 
^3 
Performanoe of seed lote of atandard varietieB 
Seed Bources within each of the Varieties, Flsoher, 
Lincoln, AohenlDaoh, and Elsberry performed similarly with 
respect to yield In all aepeote of the hroadoaBt experiment. 
This waB Bubatantlated by the lack of elgnlfloanoe of mean 
squares for lots within each variety in all analyses of 
variances (see Tables 3 and ^0. Although differences 
between the extreme yields in each case seemed substantial 
when total yields of brome alone were considered, comparison 
of lots in each group with the appropriate experiment station 
strain showed only slight differences. The Miller lot of 
Achenbach appeared to be an exception, aince it yielded 
consistently leas than the experiment station source in 
all replications. These results indicate that one or two 
generations of seed production in areas away from the origi­
nal source had essentially no effect on Inherent forage 
production capacity. 
Split-plot analysis 
Yield data from the broadcast nursery also were analyzed 
on a split-plot basis to determine whether bromegrass lots 
performed similarly when grown alone or with alfalfa. These 
analyses of variance of yields for first and seoond harvests 
and for the seasonal total are found in Table 5- Variation 
in first harvest performance attributable to the entries x 
Table 5. Variance analysefl on a split-plot basis for yields 
of 3k bromegrass lots seeded alone and with alfalfa 
In broadcast plots. 
Mean aquares 
Source of variation First Second Annual 
D.F. harvest harvest total 
Replications 3 1.283 0.059 0.885 
Alone vs. with alfalfa 1 0.03^1' 56.011** 23.793^^* 
Error (a) 3 0.6i4'l 0.027 0.395 
Entries 33 0.078** 0.013 0.056** 
Entries x alone vs. with 
alfalfa 33 O.OJtj'l 0.015* 0.038 
Entries x replications 99 0.026 0.011 0.025 
Entries x alone vs. with 
alfalfa x replications 99 0.035 0.008 0.029 
Harvests 1 70.078** 
Harvests x replications 3 0.457 
Harvests x alone vs. with 
alfalfa 1 32.561** 
Harvests x alone vs. with 
alfalfa x replloations 3 0.274 
Harvests x entries 33 0.035** 
Harvests x entries x 
replications 99 0.013 
Harvest x entries x alone 
vs. with alfalfa 33 0.018 
Remainder 99 0.014 
*F value exceeds the 5 percent level of probability. 
**F value exceeds the 1 percent level of probability. 
^^5 
planting methods Interaotlon was too emell to be statlstloally 
significant. Apparently, the broraegraas lota performed In 
much the eame way when planted alone or with alfalfa. It Is 
Interesting to note that bromegrasB alone yielded slightly 
more than the brorae-alfalfa mixtures at the first harvest. 
Results from the second harvest Indicated that the brome-
grass entries responded differentially to the two methods of 
planting. The shift In relative rank of entries from one 
method to the other can be demonstrated clearly by comparing 
the Fischer lots with some of the northern strains (see 
Table 2). When grown alone, the former were superior to the 
latter, but in association with alfalfa the northern strains 
actually yielded as much or more. 
Mean seasonal yields of the grass-alfalfa mixtures 
exceeded those of grass alone by about one ton per acre. 
Considerable variation In yield among entries was evident. 
A non-algnlfleant variance due to the entries x methods 
Interaction Indicates that the bromegrass lots were evaluated 
similarly whether planted alone or with alfalfa. 
Significant Interactions occurred between harvests x 
methods and harvests x entries. The harvest x methods 
Interaction was due to the fact that the mixtures yielded 
slightly less than brome alone plots at the first harvest, 
but considerably more than pure stands at the second harvest. 
A relatively narrow range In yields of the second cutting as 
compared with a much wider range of the first cutting yields 
k6 
probably oauaed part of the harvests x entries Interaction. 
Also, part of the latter Interaction probably resulted from 
the shift In rank of certain strains from the first to the 
second harvest. 
Space-planted Experiment 
Agronomic performance 
Thirty-two of the entries in the broadcast test also 
were Included In the space-plant nursery. Five Introductions 
and three clones were added to the teat to make a total of 
forty entries. This nursery consisted of ten replications 
of ten plants each of each entry, with individual plant data 
being taken on all plants. Entries were evaluated for fall 
vigor, hfiiy vigor, height, spread, leaf width, and recovery. 
Mean agronomic performance of the thirty-seven seed lots 
and the three clones, based on measurements obtained in 1951 
and 1952, are summarized in Table 6. Variance analyses for 
the six agronomic characters appear in Table 7, and show 
highly significant differences In mean performance for each 
character. As in the broadcast analyses, entries were placed 
into five groups so that total variance due to entries oould 
be subdivided Into components resulting from variation among 
seed lots within the Fischer, Lincoln, Achenbach, and 
Blsberry varieties. 
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Table 6. Mean performanoe for six agronomic characters 
observed In 37 "bromegraBS seed lota and 3 clones 
In the spaced-planted nursery In 1951 and 1952. 
Fall Hay ' Leaf Re-
Bromegrasa vigor vigor Hel^t %)read width covery 
lot Source score aooro Inches Ihohea score score 
Fischer 
Fischer 
Fischer 
Fischer 
Fischer 
Fischer 
Fischer 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Achenbach 
Achenbach 
Achenbach 
Elsberry 
Elsberry 
Ames, Iowa 
New York 
Hawthorn 
Josephson 
Helmiolc 
Morton 
Jensen 
Mean 
Mean 
K.A.E.S. 
Dueringer 
Reiee 
Johnson 
Junkin 
Crippen 
Elbert 
Seyler 
K. A.E. 8. 
Scrivner 
Hatland 
Mean 
6.55 
7.19 
6.^ 10 
6A9 
6.67 
6.16 
6 . 6 8  
6.^ 0 
6 . 6 2  
5.64 
6.42 
5.13 
6.15 
6.27 
5^ 
6 .06  
6.23 
6.56 
7.38 
6.49 
7.03 
6.69 
6 .98  
7.01 
6.42 
6.85 
6.19 
6.68 
5.66 
6 . 2 8  
5.23 
6.31 
6.26 
67O6 
6.46 
6.17 
7.4o 
Missouri 
Ohio 
Mean 
5.64 5.73 
5.70 5.91 
f±7 ti? 
42.5 
43.4 
42.9 
43.4 
43.5 
41.5 
4^ 
+^279 
41.4 
42.4 
41.5 
41.5 
41.4 
41.1 
42.0 
43.1 
43.8 
42.9 
43.0 
42.0 
42.5 
15.7 
17.6 
16.6 
16.5 
16.3 
15.4 
16.3 
TCT 
16.0 
15.7 
14.8 
16.4 
13.1 
15.6 
14.4 
14.2 
13to 
16.1 
15.1 
18.0 
14.5 
15.1 
TCT 
3.29 
3 . 2 2  
3.16 
3.18 
3.19 
3.23 
3.10 
3.20  
3.10 
3.12 
3.36 
3.03 
3.23 
3.11 
3.05 
ItT? 
3.27 
3.20 
3.08 
3.55 
3.61 
3.52 
3.46 
3.64 
3.37 
3.^2 
33^  
3.13 
3.25 
2.99 
3.28 
3.09 
3.09 
3.18 
3.18 
tlJ 
3.24 
3.15 
3.20 
3750 
3.24 3.21 
3.26 3.40 
3^ 3.30 
Canadian 
Northern Saskatchewan 4. 09 4.39 34.9 11.7 3.30 2. 72 
Superior Saskatchewan 3. 12 3.16 32.1 9.8 3.28 2.46 
Parkland Saskatchewan 1. 82 2.11 26.8 8.1 3.38 1. 89 
Martin Minnesota 3. 71 4.48 38.1 12.6 3.63 2. 76 
Mandan 4o4 North Dakota 3. 32 3.54 31.8 10.5 3.07 2. 45 
Manchar Idaho 4. 09 4.77 36.3 12.7 3.18 3. 13 
Homesteader South Dakota 5. 67 6.08 40.1 14.5 •3.18 3. 34 
P.I. 173651 Turkey 6. 28 6.69 44.0 18.4 2.74 3. 32 
P.I. 172760 Turkey 5. 82 7.38 42.0 20.2 2.60 2. 87 
P.I. 173646 Turkey 5. 27 6.75 43.1 18,3 2.53 2. 77 
P.I. 178843 Turkey 5. 59 5.74 41.1 15.3 3.29 3. 20 
P.I. 178844 Turkey 5. 49 5.70 40.0 14.6 3.18 3. 26 
Oklahoma No, 1 Oklahoma 6. 72 6.72 44.1 16.6 3.66 3. 22 
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Table 6 (oontlnued 
Fall Hay Leaf Re^^^^ 
vl0Dr vigor Height £ipa:^ 6d width covery 
Soore Boore Inohea Indhes soore soore 
Broraegraee 
lot Source 
Oklahoma 
Synthetic Oklahoma 7. 22 6.81 43. 2 17. 2 3.53 
Texas Renner 
Strain Texas 6. 48 6.43 42. 9 16. 2 3.41 
Lyon Nebraska 6. 27 6.13 42. 0 15. 8 3.14 
Lancaster Nebraska 5. 86 5.61 4o. 8 14. 9 2.97 
3.16 
3.13 
3.12 
2.99 
Clone 521 
Clone 561 
Clone 471 
I.A.E.3. 
I.A.E.3. 
I.A.E.S. 
.^68 5.32 8^.0 12.0 
5.98 5.75 -^9.^ 1'^('.5 
5.76 5.52 48.9 13.7 
3.15 2.93 
3.29 3.64 
3.25 2.69 
Grand mean 5.73 5.92 1^.5 15.0 3.19 3.13 
Table 7. Variance analyses for six agronomic characters observed on 37 bromegrasa 
seed lots and 3 clones in the space-planted experiment. 
Mean squares 
Fall vigor Hay vigor Height Spread Leaf width Recovery 
Source of variation D.F. score score in inches in inches score score 
Replications 9 17.8^ 8 13.925 26.890 41.232 0 .617** 2.542 
Entries 39 14.167*« : 12.612** 178.455** 57.146** 0.476** 1.249** 
Among groups if 38. W** 28.579** 111.96O*« 65.997** 0.043 4.489** 
Fischer lots 6 1.012 0.636 4.993 5.018* 0.036 0.082 
Lincoln lots 7 2.412** 2.053** 4.382 12.237** 0.123 0.088 
Achenbach lots 2 3.506** 4.134** 2.250 22.279** 0.092 0.020 
Elsberry lots 1 0.018 0.162 1.152 1.568 0.002 0.181 
Other varieties 19 19.3^ 5** 18.470** 339.243** 94.884** 0.901** 1.550** 
Entries x replications 351 0.776 0.7^ 3 5.859 2.7^ 3 0.076 0.108 
Among groups s 
36 5.296 2.368 0.060 replications 0.702 1.059 0.118 
Fischer lots x 
replications 5^ 0.529 0.433 3.751 2.051 0.059 0.069 
Lincoln lota x 
replications 63 0.665 0.576 4.736 2.466 0.075 0.109 
Achenbach lots x 
replications 18 0.463 0.385 2.592 1.903 0.038 0.154 
Elsberry lots x 
replications 9 0.691 0.888 2.989 2.377 0.071 0.141 
Other varieties x 
replications 171 0.949 0.866 7.552 3.251 0.088 0.111 
*F Value exceeds the 5 percent level of probability. 
'**F value exceeds the 1 percent level of probability. 
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Pall vigor was evaluated In October, 1951. Soorea 
assigned were a measure of the ability of the seedlings to 
become established during the first growing season. Southern 
strains were definitely superior to those of northern origin 
In this respect. Parkland and Superior, both from Canada, 
were B O  weak that a number of plants died In spite of very 
favorable growing conditions. Relative vigor of establish­
ment of northern and southern strains is Illustrated In 
Figure 5. While the seedlings were In the greenhouse, the 
northern strains exhibited vigorous growth. Although no 
actual measurements were made, Canadian Northern seedlings 
appeared exceptionally vigorous. All plants were growing 
in aterllized soil in the greenhouse. The subsequent 
differential response under field conditions, therefore, 
suggests that possibly soil-borne pathogens were at least 
partially responsible for weak establishment of the northern 
strains. 
The mean superiority in performance of southern strains 
also was expressed in hay vigor, height, spread, and recovery. 
Considerable variation In leaf width was noted. Some of 
the Turkish strains had comparatively narrow leaves. Northern 
strains appeared to have somewhat wider leaves, on the average 
than southern types. This observation was not in agreement 
with that of Knowles and White (17), but the abnormal 
environmental response of plants of the northern varieties 
in the present study may have caused this discrepanoy. Many 
Figure 5* Relative vigor of eetabllehment of northern 
and southern strains In the spaoe-planted 
nursery. (Photographed October 21, 1951) 
Upper; Prom left to right; Clone 561 
Canadian Northern, and Elsberry. 
Lower; From left to right; Parkland, 
Lincoln, and Superior. 
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of the small weak plants had very wide leaves at heading 
time. 
Performanoe of seed lots of standard varieties 
Agronomic data from this nursery also were used to 
determine If changes In varieties had occurred as a conse­
quence of environmental selection. Performances of seed 
lots within each of the varieties, Fischer, Lincoln, Achen-
"bach, and Elsherry were studied with respect to the six 
agronomic characters observed In the spaced-plantlng. The 
lots within each variety were compared with the lot from 
the originating experiment station. Variances attributable 
to differences among lots of each variety are found In 
Table 7. The variance for each group was tested with Its 
corresponding error variance for determinations of signifi­
cance. Variation among Lincoln and Achenbach lots for mean 
fall vigor, hay vigor, and spread exceeded the one percent 
level of probability. Fischer lots differed significantly 
In mean rate of spread. Least significant differences 
required to exceed the five and one percent levels of 
probability are tabulated below for the varieties and 
characters Involved; 
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Least significant differences 
Fall vlKor Hay vipcor Spread 
a
 
•
 o
 
II • o
 
P=.05 P-.Ol P".05 P-.Ol 
Lincoln 
Aohenbach 
Fischer 
.7? .97 
.64 .88 
.68 .90 
.58 .79 
lA 1.9 
1.3 1.8 
1.3 1.7 
The Junkln lot of Lincoln vas consistently rated lower than 
the experiment station (M.A.E.S.) standard In fall vigor, 
hoy vigor, and spread, while the Elbert and Seyler sources 
were less spreading. 
A comparison of Achenhach lots revealed that the one 
obtained from Hatland In Illinois exceeded the standard 
(K.A.E.S.) In fall vigor, hay vigor, and spread by differ­
ences beyond the one percent level. With respect to 
variation In spread among Fischer sources, the seed lot from 
New York was the most aggressive, exceeding the Ames, Iowa 
standard by a wide margin. The greater aggressiveness of 
the New York strain was even more apparent In Its vigor of 
establishment as reflected by Its high fall vigor score. 
In the broadcast nursery the various lots within 
varieties did not differ to any great extent in forage pro­
duction. Though differences in the spaced-planting were 
not reflected consistently in the broadcast test, it was 
Interesting to note that the Junkln source of Lincoln, 
rated lowest in performance in the spaced nursery, also was 
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lowest In forage production when broadcast alone. It also 
ranked among the three lowest Lincoln lots In quantity of 
grasB produced In mixtures. In general, differences In hay 
vigor In the spaced-plant nursery were more extreme than 
yield differences In the broadcast test, perhaps 100 plants 
did not provide a sufficient sample of the population range 
within the varieties. However, the discrepancies between 
the spaced-plant and broadcast data hinted that performance 
as spaced plants was not always closely Indicative of 
broadcast performance. For example, the Fischer lot from 
New York exceeded the Ames, Iowa lot significantly In rate 
of spread and received a higher hay vigor and fall vigor 
score. But In the broadcast nursery, the Ames lot yielded 
more forage. This Illustrates the confounding effect of 
spread when a rhlzomatous species such as bromegrass Is 
evaluated In spaced plantings. 
Plant-to-plant variability 
Since the extent of variability In plant populations 
Is Important In selection programs, Individual plant measure, 
raents were used In the present Investigation to study plant-
to-plant variation. Variances among plsnts within plots 
were computed for fall vigor, hay vigor, height, spread, 
and leaf width. A summary of these mean wlthln-plot vari­
ances for each entry appears In Table 8. Before statistical 
analysis, variances were transformed, to logarithms because 
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Table 8. Mean wlthin-plot variances of five agronomlo 
oharaotera observed on 37 seed lote and 3 olonea 
In the spaoed-plant iiuraery. 
Bromegrass 
seed lot 3ouroe 
Fall Hay Leaf 
vigor vigor Height Spread width 
score score inches Inches score 
Fischer 
Fischer 
Fischer 
Fischer 
Flsoher 
Fischer 
Fischer 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Achenbach 
Achenbach 
Achenbach 
Elsberry 
Elsberry 
Ames, Iowa 
New York 
Hawthorn 
Josephson 
Helmlck 
Morton 
Jensen 
Mean 
Mean 
N.A.E.S. 
Duerlnger 
Relss 
Johnson 
Junlcln 
Orlppen 
Elbert 
Seyler 
Canadian 
Northern 
Superior 
Parkland 
Martin 
Mandan ^ 0^ 
Manohar 
Homesteader 
P.I, 173651 
P.I. 172760 
P.I. 1736^6 
P.I. 1788i(-3 
P.I. 17QQ^^ 
Oklahoma No. 1 
K. A.E.S. 
Sorlvner 
Hatland 
Mean 
Mean 
Missouri 
Ohio 
Saskatchewan 
Saskatchewan 
Saskatchewan 
Minnesota 
North Dakota 
Idaho 
South Dakota 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Oklahoma 
3.^  ^
2.96 
3.58 
3.75 
3.89 
3.73 
3.02 
3.30 
2.96 
3.9^  
2.99 
k.71 
2.75 
3.08 
3.25 
3i37 
65 
3.73 
2.67 
3:^  
3.2^  
3.98 
37ST 
3.88 
3.3^  
1.8^  
3.51 
2.89 
.^99 
3.57 
3.73 
2.02 
2.2i^  
.^^ i'3 
i|.13 
2.78 
4.11 
3.73 
4.24 
3.96 
3.52 
3.74 
3.18 
3.70 
3.66 
3.64 
3.00 
4.00 
4.02 
3 .82  
3.03 
4.00 
4.85 
m 
3.99 
3.47 
3i% 
4.74 
1.85 
1.28 
4.52 
2.35 
3.99 
3.94 
4.30 
3.34 
4.82 
5 .08  
4.24 
3.16 
22.83 
24 .51 
26.26 
22.28 
19.09 
37.62 
20. 
W. 
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2^ 7^  
28.35 
29.23 
35.63 
22.57 
33.13 
38.33 
30.10 
20.66 
17.13 
38.46 
15.16 
18.55 
19.57 
26.80 
20.26 
15.88 
18.32 
13.83 
19.03 
19.92 
14.98 
18.14 
14.33 
13.85 
17.37 
14.67 
12.67 
14.54 
22.66 
12.65 
157^  
19.12 
22.53 
82.66 
58.32 
62.22  
60.91 
50.87 
60.18 
39.02 
13.45 
14.87 
14.73 
33.09 
50.31 
29.01 
0.472 
0.460 
0.556 
0.499 
0.486 
0.456 
0.418 
o7m 
0.434 
0.472 
0.566 
0.473 
0.454 
0.520 
0.294 
0 .450 
otzot 
0.428 
0.424 
16 0.5 
15.98 0.456 
15.86 0.480 
23.25 
9.88 
6.97 
16.39 
15.26 
17.78 
18.16 
24.72 
19.03 
26.57 
18.08 
19.31 
18.58 
0.570 
0.602 
0.586 
0.424 
0.562 
0 .555 
0.469 
0.408 
0.398 
0.391 
0 .455 
0.674 
0.426 
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Table 8 (continued) 
Fall Hay Leaf 
Broraegraes vigor vigor Height Spread width 
seed lot Source score acore Inches Inches score 
Oklahoma 
Synthetic 
Texas Renner 
Strain 
Lyon 
Lancaster 
Oklahoma 
Texas 
Nebraska 
Nebraska 
Mean 
Mean of all lots from 
orosa-pollinatlon seed 
iK97 23.33 19.84 0.736 
3.95 
3.63 
2.83 
37^  
.^19 
3.37 
2.96 
tttt 
18.55 
21.93 
3o9 
20.72 
14.^ 2 
14.45 
0.527 
0.580 
0489 
0.515 
3.46 3.72 31.74 17.41 0.488 
Clone 521 
Clone 561 
Clone 471 
I. A. E. B. 
I.A.E.S. 
I.A.E.S. 
Mean 
1.34 
1.^ 2 
1.04 
1.70 
1.70 
itte 
3 . 8 2  
l'8.03 
5.31 
•9^  ^
3.14 
7.47 
6.42 
0.161 
0.197 
0.124 
0.161 
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of their Bkewed dlstrlbutlonB and to help minimize corre­
lations between means and variances. Plot variances less 
than unity were multiplied by 10, while 10 was added to 
those with zero values to make transformation to logarithms 
possible. Multiplication by 10 was necessary for all 
charaoters except leaf width to which ten was added rather 
than multiplied. 
Analyses of variance computed on both the arithmetic 
and the log v/lthln-row variances are presented in Table 9. 
Results obtained by both procedures were essentially alike 
for all characters except leaf width. As in other analyses 
in these experiments, entries were grouped in order to 
subdivide total variance into components due to differences 
among lots of Fischer, Lincoln, Achenbach, and Elsberry. 
The clones were analyzed as a fifth group, and the remaining 
strains were placed in a sixth group. 
The analyses of variance indicated that all lots within 
the four standard varieties were essentially alike in the 
degree of plant-to-plant variability of all characters. On 
the other hand, entries differed significantly in mean plant-
to-plant Variability for eaoh of the five characters observed. 
A large portion of plant-to-plant variability indicated for 
fall vigor was due to group differences. Mean wlthin-plot 
variances were 1.86 and 3.^6 for clones and seed-derived 
plants, respectively. Plant-to-plant variability of clone 
471 was as great as that exhibited by some of the heterogeneous 
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Table 9. Anftlyses of variance of wlthln-plot varisnoee and" their log val 
individual plants of 37 seed lota and 3 olonea In the space-pit 
Fall vlKor Hay vlKor 
Log Log 
o^\;r<^ e of variation D.F. Variance variance Variance variance VarJ 
Replications 9 29.^ J^ 9 0.407 12.561 0.202 2986 
Entries 39 6.961<^ <* 0.171** 9.731** 0.271** 289^  
Among groups 5 11^,662^** 0.399** 28.623** 1.019** 55 
Fischer lota 6 1.323 0.009 1.304 0.024 
Lincoln lots 7 4.150 0.089 1.555 0.046 
Achenbach lots 2 9.770 0.241 8.106 0.078 li 
Elsberry lots 1 2.750 0.041 1.342 0.054 
Clones 2 5.680* 0.299** 1,424 0.117 ( 
Other varieties 16 7.967*^ 0.179** 12.330*« 0.286** 4< 
Entries x replications 351 3. ^+74 0. 066 3.861 0.064 13 2i 
Among groups x 
0.047 3.724 replications 2.50^ 1- 0.058 < 
Flaoher lots x 
replications 5k 3.903 0.065 3.699 0.059 1 
Lincoln lots x 
replications 63 2.939 0.059 2.994 0.052 1; 
Achenbach lota x • 
replications 18 5.371 0.074 5.021 0.053 
Elsberry lots x 
replications 9 1.701 0.031 1.875 0.033 
Clones X 
replloationa 18 0.976 0.047 1.300 0.086 1 
Other varieties x 
replications 4.037 0.079 4.644 0.073 1 
l/varlanoes divided "by 100 
•^ P value exceeds the 5 percent level of probability, 
value exceeds the 1 percent level of probability. 

s and their log values for five agronomlo oharacterlstloa observed on 
es In the Bpaoe-planted nursery. 
Mean squares 
Say vlKor Heljscht Spread Leaf width 
Log 
anoe varlanoe 
Log 
Varlanoe varlanoe 
Log 
Varlanoe varlanoe 
Log 
Varlanoe varlanoe 
61 0.202 2988.91 0.350 250.4? 0.169 o.o47 0.008 
31** 0.271** 2897.08** 0.795*^ * 262.66** 0.368** 
.623** 1.019** 59^ 3.39** -ff.l?©** 86^ 1.81** 1.646** 
.304 0.024 378.76 0.010 166.38 0.065 
.555 0.046 366.18 0.083 60.81 0.029 
.106 0.078 1668.74 0.174 283.03 0.233 
.342 0.054 58.24 0.000 0.08 0.000 
.424 0.117 609.78 0.181 50.94 0.281 
.330** 0.286** 4613.63** 0.549^ *^ 239.24** 0.283*< 
61 0.064 1325.85 0.124 84.14 0.063 
.724 0.058 934.72 0.150 107.76 ' 0.072 
.699 0.059 744.40 0.070 75.48 0.039 
.994 0.052 1374.92 0.132 53.50 0.041 
.021 0.053 533.81 0.174 93.48 0.074 
..875 0.033 156.55 0.079 42.08 0.025 
..300 0.086 796.76 0.244 14.56 0.094 
-.644 0.073 1882.86 0.127 103.57 0.075 
0.644** 0.110** 
0.018 0.003 
0.062 0.011 
0.027 0.005 • 
0.003 0.002 
0.013 0.005* 
0.110 0.018 
054 0.009 
0.039 0.007 
0.039 0.007 
0.049 0.009 
0.048 0.008 
0.069 0.012 
0.087 0.001 
0.071 0.012 
-Ity. 
-Ity. 
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strains. Since clone members were vegetatlvely propagated 
and genetically Identical, significant differences In 
withln-plot variance among them were not expected. It 
appears that the environment Influenced behavior of the 
clones differentially. Part of the variation In fall vigor 
In clone 471 may have been caused by Its lack of tolerance 
to transplanting operations. Several of Its propagules 
were replaced after the original planting. The variability 
of this clone in degree of establishment observed In the 
fall was reduced considerably by the time hay vigor notes 
were recorded the following summer. Strains placed In the 
group "other varieties" also differed measurably In plant-
to-plant variability in foil vigor. Nearly all plants of 
the Parkland variety were so non-vigorous that little 
variance was possible. Two of the Turkish strains, P. I. 
172760 and p. I. 1736^6, likewise were very uniform In vigor 
of establishment as compared with such varieties as 
Oklahoma Synthetic and Manchar. 
Virtually no differences in plant-to-plant variability 
among clones occurred with respect to hay vigor, height, and 
spread. The most Important consideration is that the lots 
from open-pollinated seed exhibited much larger variability 
than the clones. 
On the average, the northern strains appeared to be 
less variable in hay vigor and spread, but more variable 
in height than other varieties in that group. P.I. 172760 
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and P.I. 1736^6 were very uniform In height and leaf width, 
but relatively more variable In spread. It Is evident that 
the selection potential baaed upon relative variability 
depends upon the material ohoeen by the breeder. 
The olonee exhibited highly significant differences for 
Variability In leaf width when the logarithms were analyzed. 
This was unexpected If leaf width was measured accurately. 
Environmental effects on such a character were expected to 
be negligible. Since the entries x replications mean square 
was very low, small errors In measuring leaf width on plants 
of a clone could have caused sufficient difference in mean 
wlthln-plot variances to result In statistical significance. 
Analysis of the non-transformed data Indicated no Important 
differences In variability of leaf width among clones. The 
clones, as a group, appeared very uniform In the expression 
of leaf width, as compared with the open-polllnated lots. 
Estimates of genetic variation 
Although a population may be highly variable, selection 
within It can be successful only to the extent that varls-
blllty Is genetic In nature. The variances computed In the 
study of relative plant-to-plant variability were used to 
estimate the average extent of genetic variability in the 
population of plants arising from open-polllnated seed. 
Variation among plants of the several strains was considered 
to be both genetic and environmental In nature, whereas 
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variation among mera"bers of a clone was attributed only to 
environmental effects. Estimates of the extent of genetic 
variation were obtained by eubtraotlng the mean clonal 
variance from the mean variance of all the strains and 
expressing the difference as a percentage of the mean vari­
ance of the strains. Both arithmetic and anti-log mean 
variances were used to obtain such estimates for each 
character. Values obtained by these two methods were very 
similar, as indicated by the results found in Table 10. 
Estimates were high for height, spread, leaf width, 
and hay vigor, indicating thst variation in these characters 
was largely genetic in nature. Somewhat over half of the 
total Variation in fall vigor oould be attributed to environ­
mental effects. The relatively large variance due to 
replication effect in the analysis of variance of fall 
vigor scores (see Table 7) is another indication that 
environment measurably Influenced seedling establishment. 
It is also possible that the relatively short growing 
season in 1951 may have restricted full expression of 
Inherent differences in vigor of establishment. Although 
the estimates of the extent of genetic variation were high 
for all characters except fall vigor, it must be realized 
that they probably are maximum values. When this method 
is used, the estimated genetic variance consists of additive 
genetic variance, variance due to dominance deviations, 
variance due to epistaals, and deviations due to genotype-
Table 10. Estimates of genetic variability for five agronomic characters observed 
on 37 bromegrass seed lots in the space-planted nursery, 1951-1952. 
Character 
Item Fall 
vigor 
Kay 
vigor Height Spread 
Leaf 
width 
Arithmetic mean variance: 
Cross-pollination lots 3A6 3.72 31.74 17.41 0.488 
Clones 1.86 1.48 9.06 5.68 0.161 
Difference )2/ 1.6o 2.24 22.68 11.73 0.327 
Genetic variation {%) = x 100 
o-| 46.00 60.00 71.00 67.00 67,00 
Antilog mean variance: 
2 Cross-pollination lots 2.85 3.13 20.89 14.72 0.485 
Clones 1.56 1.19 3.00 4.31 0.161 
Difference 
G ^2 1.29 1.94 17.89 
10.41 0.324 
Genetic variation {%) = ^^qo i^ 5.oo 62.00 86.00 71.00 67.00 
2 
- Phenotypic variance 
2 ^
 - Environmental variance 
^ - Genetic variance 
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environment Interactions. The high estimates of genetic 
variation associated with hay vigor, height, spread, and 
leaf width indicate that some genetic progress might be 
possible by selection among the spaced plants Included in 
this experiment. However, these estlm0.tes do not neces­
sarily mean that parent-progeny relationships for a character 
such as hay vigor would be very close, 
Intercharacter correlations 
Another factor of importance in a breeding program is 
the degree of asaooiation among certain agronomic characters, 
since such relationships indicate possibilities for obtaining 
desirable combinations in selected material. Since a hay 
vigor score is a good measure of relative forage production 
of spaced plants, its interrelationships with other charac­
ters may be of predictive value. Associationfl between hay 
vigor and other agronomic traits were determined by calcu­
lation of simple correlation coefficients. These correlations 
are presented in Table 11. 
Hay vigor was closely related to fall vigor, height, 
spread, and recovery. Those plants able to become well 
established during the first growing season also were superi­
or in performance the following year. Thus, it seems that a 
breeder might discard much of the plant material on the basis 
of a fall vigor rating. Winter hardiness is an Important 
consideration, however, so some study of individual plants 
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Table 11. Associations between hay vigor and other characters 
observed In the space-planted nursery, as measured 
by simple oorrelatlon coefficients. 
Oharactere correlatedi/ Oorrelatlon 
coefficient 
Hay vigor and: 
Fall vigor 0.938*^  ^
Height 0.757^^ 
Spread o.9Zj.5#<* 
Hecovery 0.77i^ ** 
Leaf width 
-0.297 
All comparisons Involve 38 D.F, 
**r values exceed the 1 percent level of probability. 
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must "be mftde for at leaat one more growing aeaeon. Aftermath 
growth 1B another oharnoter whloh should receive considerable 
attention In a grass breeding program. The high correlation 
between hay vigor and recovery la encouraging. By assigning 
a single score for hay vigor at hay stage the forage breeder 
might be reasonably certain of obtaining plants that become 
established rapidly, grow vigorously before the first harvest, 
and also produce good aftermath growth, relative to the whole 
mass of plants In a space-planted selection nursery. Precise 
measurements of height and spread probably are unnecessary 
from a practical standpoint. Leaf vrldth was negatively 
correlated to a small extent with hay vigor. Many plants 
with very wide leaves appeared coarse and stemray. This as­
sociation, however, was so -weak that selection of vigorous 
plants vflth either wide or narrow leaves would appear possible. 
The correlations obtained In this study essentially are In 
agreement with those obtained by other Investigators, aa 
Indicated In the review of literature. 
Simple correlation coefficients may present the total 
relationships that exist among various characters, but from 
the standpoint of selection the extent to whloh the characters 
are genetically associated has more significance. Two 
methods of calculation were used to obtain a measure of the 
genetic ©ssoclatlons of hay vigor with height, spread, and 
leaf width. In the first method, covariance between charac­
ters in the non-segregating populations (clones) was used 
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as an estimate of the environmental relationships, vrhlle 
oovarlanoe "between the same charaoters In the heterozygous 
and heterogenous strains was used as a measure of phenotyplo 
relationships. Data from all three clones were used, but 
only ten of the strains tvere Included In these oaloulatlons. 
The components of variance and oovarlanoe used In the 
analyses are described briefly below: 
and *^yp^ - phenotyplo variance determined on a 
single plant basis for characters x 
and y, respectively, among plants of 
the strains. 
"xg and ^- environmental variance of x and y, 
respectively, determined on a single 
plant basis among clone members. 
"xq. and - genetic portion of the total variance 
in expression of characters x and y, 
respectively, obtained by subtraction 
of environmental variance from pheno­
typlo variance. 
Gov xyp and Gov xy^ - phenotyplo and environmental 
oovarianoes between oharacters x 
and y calculated on a single plant 
basis for strains and clones, 
respectively. 
Gov xyg. = Gov xyp - Gov xyg - genetic portion of the 
oovarlanoe between oharac­
ters X and y. 
The use of these variances and oovarianoes in the calcu­
lation of phenotyplo and genetic correlations is illustrated 
below: 
Gov xyp 
Phenotyplo correlation = 
/^xp^ 
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Grenetlo correlation (r^y) = rg. 
Gov 
Actual Varlanoe and oovarlanoe values oaloulated for the 
determination of phenotyplc and genetlo oorrelatlone by this 
method are given in Table 12, 
Phenotyplc and genetic correlations were also determined 
"by dividing the appropriate oovarlanoes by the geometric 
mean of the corresponding variances for agronomio characters 
observed on a per plot basis. This method does not require 
a non-segregating population for estimation of environmental 
variances and oovarlanoes. Hoover (12) has described the 
method in detail, however, part of it is presented below for 
clarity. 
Analyses of variance and oovarlanoe were computed for 
characters Involved, then the expectations for mean squares 
and products in terms of oovarlanoe wero assigned. This is 
Illustrated for hay vigor and height in Table 13. Correlation 
coeffiolente were calculated using the following formulas: 
Phenotyplc correlation (r^y^ ~ *'p 
4 10«^ b|)(^ y^  4 lo^ s^ ) 
Genetlo correlation = rg. = 
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Table 12. Variance and oovarlanoe values utilized for 
calculation of phenotyplo, environmental, and 
genetic correlations Involving hay vigor, 
height, spread, and leaf width. 
Variances 
Qharactera Phenotyplc Environmental G-enetlo 
Hay vigor 3-9^ 1.-^9 2.^5 
Height 26.10 8.81 17.29 
Spread 19.81 5.6? I^^.IJ^ 
Leaf width 0.^22 0.I6I 0.261 
Oovarlanoe 
Hay vigor and: 
Height il'.19 1.^9 2.^8 
Spread 6.97 2,22 '+.75 
Leaf width -0.111 -0.177 0.066 
Table 13. Mean squares and products and expectation mean squares in terms of 
components of variance for hay vigor and height. 
Kean squares Mean product 
Source of Hay vigor Height hay vigor and spread 
variation D.F. (x) (jJ (xy) 
Replication 9 
Strains 9 15^ .91 1051.62 132.59 
+ 10<rg^ )i/ (<72 + i0^ g2) (O-^  + locr^ ) 
Error 81 76.77 387.16 76.89  
(a-2) (<3-2) (a-^) 
Strains-error 7.81 66.^5 5-57 
10 ) 
"x ®y ®xy 
•i/Expression in parentheses represents the expectation of the mean square or 
product above it. 
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Correlation ooefflclents computed "by each of the two 
methods are given In Table l^J-. Ooefflolents listed under 
method A Involved data from both clonal members and the 
strains, while those under method B were determined from 
only the heterozygous and heterogeneous strains. The values 
obtained by the two procedures were similar In magnitude 
with reapeot to the degree of asBociation between hay vigor 
end the two traits, height and spread. Hay vigor and spread 
were strongly associated, as indicated by high phenotypic 
and genotypic correlation ooefflclents. A correlation value 
of over one is not possible, theoretically, so it was in­
terpreted to mean only that a close relationship between hay 
vigor and spread existed. Genetic correlations between these 
two characters were slightly higher than phenotypic values. 
Apparently, environmental effects masked the genetic ex­
pression of the relationship between hay vigor and spread. 
Height was not as indicative of hay vigor as spread. The 
relatively weak genetic correlations for these traits are 
interpreted to mean that height measurements would be of 
doubtful use for evaluating spaced plants. 
More divergent correlation estimates were obtained for 
hay vigor and leaf width by the two methods. In either case 
the negative association was too small to be of practical 
significance. 
G-enetlc and phenotypic correlations calculated by the 
analyses of variance and oovarlanoe were compared with 
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Table 14, Genetlo, phenotyplo, and environmental correlation 
ooefflclentB obtained for associations of hay 
vigor with height, spread, and leaf width. 
Correlation ooefflolentg 
Oharaotere Method A Method B 
correlated rp rg. r^ rp r^ rg. 
Hay vigor and: 
Height O.ii'13** 0,k7Z 0.381 0.328 0,?M 
Spread 0.789** 0.76'^ 0.807 0.865** 0.735 I.050 
Leaf width -0.086 -O.362 0.083 -0.358 -O.230 -0.^ 3^ 1' 
l/rp, rg, and rg are phenotyplo, genetlo, and environ­
mental correlations respectively. 
**r values exceed the 1 percent level of probability. 
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corresponding almple oorrelatlona presented earlier. Coef­
ficients obtained by the three methods were in the same 
relative order In size and importance, particularly with 
respect to associations of hay vigor with spread and leaf 
width. In contrast, the simple correlation coefficient for 
hay vigor and height was much higher than corresponding 
phenotypic "r" values obtained by covarlance analysis. Some 
spurious correlation may have been removed by the covarlance 
technique; however, most of the divergence probably was 
attributable to the fact that different numbers of entries 
were used for eatimating relatlonahlps. From these data it 
appeared that calculation of simple correlations was about 
as effective for determining interrelationships among 
agronomic characters as were the more detailed analyses of 
variance and covarlance. 
OomparlBon of Planting Methods 
Proper evaluation of grass strains depends upon the 
effectiveness of the planting method. Probably the most 
critical evaluation can be made in broadcast plantings. 
Bromegrass usually is grown in association with alfalfa for 
hay production in the Middle West. This poses the addition­
al question as to the need for evaluatl^ng breeding materials 
in mixtures with alfalfa early in the improvement program. 
A major objective of this experiment was to compare the 
7^ 
performance of a number of bromegraae strains when sown 
alone and with alfalfa In "broadcast plantings. Thirty-two 
of the strains Included in the "broadcast experiment also 
were entered In the spaced-plantlngs. Thus, It was poaslhle 
to compare performance of these seed lots under all three 
planting methods. 
The split-plot analyses applied to the broadcast data 
were presented earlier. A study of the entries x planting 
methods Interactions revealed that the strains apparently 
performed similarly whether broadcast alone or with alfalfa 
when total first harvest and total annual yields were con­
sidered. A negligible Interaction was noted when the 
analysis Included only the grass 5)ortion of the mixturee. 
On the contrary, an analysis of the yield data from the 
second harvest demonstrated that entries reacted differently 
to the two methods of planting. 
Significant strains x methods of planting Interactions 
do not necessarily mean that strains were ranked differ­
entially with respect to yield by the different methods. 
This was emphasized by Weles and Mukerjl (33). In this 
study simple correlation coefficients were used to compare 
the relative ranking of strains by the three methods, with 
entry totals being used In the calculations. The assocl-
fttlons between yield performance of 3^1- bromegrass lots when 
seeded alone and with alfalfa In broadcast plots, as 
measured by simple correlation ooefflolents, are given In 
75 
Table 15. First harvest ylelda of brome alone and the grass 
portion of the mixtures were closely aBsoolated, aooordlng 
to the relatively high positive correlation coefficient of 
0.580. The relationship "between first harvest yields of 
brome alone and first harvest total yields of brome and 
alfalfa was comparatively low, but positive. These relation­
ships mean that potential performance of bromegrasa strains 
seeded In association with alfalfa was reflected to only a 
moderate extent when seeded alone If first harvest yields 
were measured. In contrast, a slight negative relationship 
existed between second harvest yields of brome alone and 
brome-alfalfa mixtures. Inspection of the data In Table 2 
reveals that a number of the northern strains ranked low In 
yield when grown alone, but yielded much more total forage, 
relative to other strains, In association with alfalfa. The 
change In order of performance was due to the comparatively 
larger contribution of the alfalfa component to total yields 
of plots with less vigorous grass strains. 
"Virtually no association was exhibited between total 
annual yields of brome sown alone and yields of the mixtures. 
Second cutting yields of the mixtures consisted almost 
entirely of alfalfa which tended to mask dlfferencea among 
grass strains when total yields were considered. First 
harvest comparisons within the grass-alfalfa mixtures re­
vealed a stronger correlation between the grass portion and 
total yield than between the alfalfa portion and total yield. 
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Table 15. Assoolatlons between yield performanoee of Jk 
bromegraes lots when seeded alone and with alfalfa 
In broadcast plots, as measured by simple corre­
lation ooefflolentB, 
1 / Oorrelatlon 
Items correlated!/ coefficient 
First harvest yields of; 
Bromegraes seeded alone and; 
Bromegrass-alfalfa mixture 
(irass portion of the mixture 
Alfalfa portion of the mixture 
Bromegrass-alfalfa mixture and: 
G-rass portion of the mixture 
Alfalfa portion of the mixture 
Second harvest yields of 
Bromegraes seeded alone and the 
bromegrass-alfalfa mixture 
First and second harvest yields of 
bromegraes seeded alone 
First harvest yield of bromegraes and total 
yield of bromegraes seeded alone 
Total annual yields of bromegrass seeded 
alone and in the bromegrass-alfalfa mixture 
0.3i|'9* 
o.58o*<^ 
-0.301 
0.529** 
0.375* 
-0.078 
0.334 
0.966** 
0.198 
1/aii correlations Involve 32 degrees of freedom. 
*r values exceed the 5 percent level of probability. 
**r Values exceed the 1 percent level of probability. 
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This appears somewhat contradictory to expectation, since 
grass constituted only a minor fraction of the total yields. 
Since variation In the alfalfa component was less than that 
In the grass fraction, fluctuation In yields of the latter 
caused a greater corresponding change In the total yield and 
resulted In a higher correlation estimate. 
Only a slight positive association between first and 
second harvest yields of "brome alone was evident. Generally, 
the strains which yielded well in the first harvest also 
produced high second harveat yields, with certain exceptions. 
The very close association between first harvest and total 
yields of bromegrass alone indicates that total performance 
could be evaluated adequately by harvesting only one crop. 
This would be true when the crop is grown for hay, but where 
aftermath growth is Important as is pasture production, some 
kind of evaluation for this trait would be necessary. 
Associations between space-plant and broadcast per­
formance, as measured by simple correlations, are summarized 
in Table 16. The most interesting comparisons were those 
involving mean hay vigor in the spaced planting and forage 
yield in the broadcflst nursery. Hay vigor was substantially 
correlated with first harvest and total yields of brome 
alone and with the grass portions of the mixtures. The 
relationship between hay vigor and second harvest yields of 
brome alone was positive but comparatively low. On the 
other hand, hay vigor, height, and spread were not at all 
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Table 16. Assoolatlona among agronomlo oharaotere observed 
In spaoe-planted bromegrass seed lots and yield 
oomponentB of the same lots broadoaat-Beeded alone 
and with alfalfa in 1952. 
Oharaotere oorrelatea ooefllflent^ 
Hay vigor score and: 
First harvest yield of bromegrasB seeded alone 0.752**^ 
Second harvest yield of bromegrass seeded alone 0.351* 
Total yield of bromegrass seeded alone 0.7^^^* 
Yield of grass portion of the grass-alfalfa 
mixture, first harvest 0.77^^* 
Total yield of the grass-alfalfa mixture 0.231 
Spread score and: 
Total yield of bromegrass seeded alone 0.702** 
Yield of grass portion of the grass-alfalfa 
mixture, first harvest 0.732** 
Total yield of the gi'ass-alfalfa mixture O. 2 3 3  
Height and; 
Total yield of bromegrass seed alone 0.7^2''^*^ 
Total yield of the grass-alfalfa mixture O.306 
Aftermath growth score and second harvest yield 
of bromegrass seeded alone 0.351* 
1/a11 correlations Involve 32 degrees of freedom, 
•«T values exceed the 5 percent level of probability. 
**r values exceed the 1 percent level of probability. 
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indicative of total yields of the grass-alfalfa mixtures. Of 
Interest alao was the positive assoolation of aftermath score, 
assigned in the spaced planting, with second harvest yields 
of 'bromegrass seeded alone. 
The correlation data from this study indicated that 
hromegrass strains were evaluated similarly whether space-
planted, broadcast alone, or "broadcast with alfalfa, if only 
grass components were considered. Since this experiment 
included such a diversity of bromegrass strains, positive 
and usually significant associations in performances among 
the three methods of planting were expected. Adequate 
replication of the apace-planted nursery probably con­
tributed to the close association among traits observed. 
On the other hand, hay vigor in the apace-planting and total 
yields of brome alone in the broadcast test were not closely 
related to total yields of the brome and alfalfa mixture. 
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discussion 
Information obtained from these investigations may be 
useful in several ways in furthering the broad objective of 
developing improved strains of bromegrass. Performance of 
the northern and southern strains further substantiated the 
general superiority in agronomic performance of southern 
types, as previously demonstrated by V/ilsle (35)» Ohurchill 
(5), and Newell and Keim (26). The most striking difference 
noted was the greater capacity of the southern strains to 
establish vigorous stands during the first growing season. 
This was reflected both in grass-legume mixture composition 
and in the number of plants remaining in the space-planted 
nursery at the end of the first year. Since no important 
differences in seedling vigor were noted while the plants 
were growing in sterilized soil in the greenhouse, weak 
establishment of the northern strains under field conditions 
suggests a greater susceptibility to soil-borne pathogens. 
Hawk and Welch (10) observed that seedlings of the northern 
ecotype of bromegrass were somewhat more susceptible to 
damage caused by Pythium graminicolum Subr. under greenhouse 
conditions, and suggested that such injury might reduce 
stand establishment in fall seedings of susceptible strains. 
Fischer, a variety developed under Iowa conditions, was 
outstanding in ability to establish itself in association 
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with alfalfa. In fact, Its extreme vigor of eetabllshment 
WRB reflected In somewhat reduced total yields of mixtures 
Involving It, as compared with other strains. The demon­
stration of important differences in vigor of establishment 
and aggreBSlvenesB Indicates that "bromegrass varieties 
ultimately should "be tested In association with appropriate 
legumes to provide a hasla for recommendations to farmers 
vrho grow mixtures for hay purposes. 
The genetic stability of a variety whose seed may be 
produced in areas away from its origin is an important con­
sideration. In the present studies, various seed lots of 
Lincoln and Achenbach appeared to differ from the original 
source in epaced-plant performance with respect to fall 
vigor, hay vigor, and spread. One seed lot of Fischer from 
New York exceeded the Iowa standard in rate of spread. It 
is interesting to note that the Achenbach and Fischer seed 
lots (Hatland and New York, respectively) which differed 
most from the respective experiment station standards were 
obtained from areas most distant from the sources of origin. 
Agronomlo differences among seed lots within varieties 
apparently were not important from a practical standpoint, 
however, as indicated by performance in solid stands. 
Results obtained from the broadcast experiment indicated 
that one or two generations of seed production in areas away 
from the source of origin, to the extent of range covered in 
this test, had virtually no effect on inherent forage 
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production capacity. In view of the adaptability ofbromegrase 
to a wide range of noil and other environmental conditions, 
environmental selection preeauree preaent In the areas sampled 
were not sufficiently different to cause differential selec­
tion among seed lots of the varieties. Only one generation 
of seed production was involved for all seed lots except 
three; namely, Fischer (Jensen), Lincoln (Relss), and Achen-
hach (Schlvner). The latter were second generation seed 
stocks, but they appeared to have undergone no changes in 
genetic composition more noticeable than observed in first 
generation seed lots. Perhaps greater changes in genetic 
composition could be expected after a number of generations 
or by production in areas more distantly removed than studied 
herein. However, it is possible that a powerful selection 
pressure such as a severe injury to seedlings by soil-borne 
pathogens might eliminate, or seriously restrict, seed 
production of plants susceptible to attack. Seed obtained 
from such a population conceivably could produce a greater 
proportion of disease resistant plants than seed from the 
same variety grown in an area where soil-borne pathogens are 
not prevalent. A similar occurrence might be expected for a 
character such as winter hardiness. Such changes might be 
expected with only one generation of seed production. Alter­
ations in genetic composition also can be caused by out­
crossing and mechanical mixtures. Results of these investi­
gations indicate that certification practices apparently have 
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been adequate to maintain the original composition of the 
varieties. Although no Important changes In genetic 
composition of the varieties were detected, the phenomenon 
of environmental selection probably would be an Important 
consideration If Canadian farmers were to produce large 
quantities of seed of southern strains for distribution in 
midwestern areas of the United Stntes. 
Average estimates of genetic variation among plants in 
the space-planted nursery were high for hay vigor, height, 
spread, and leaf width. Environmental effects were more 
Important for variation in fall vigor. Estimates of genetic 
variation for yield generally have been low, or even negative, 
in other forage crop investigations (21), (1^), and (4). 
Negative estimates are not expected, theoretically, if the 
genetic and environmental sources of variation are properly 
sampled. Ten replioationfl of the heterogeneous and heter­
ozygous strains and the clones in the present studies 
probably permitted reasonably reliable estimates of genetic 
and environmental variation. Results indicated that some 
genetic progress might be expected by phenotyplc selection 
for hay vigor, height, spread, and leaf width among plants. 
Although height and spread appeared highly heritable, 
evaluation of such characters probably would be impractical 
because they are not always indicative of performance in 
broadcast aeedlngs. 
If a large portion of genetic variance is due to additive 
ail' 
gene action, simple maae eeleotlon oould be relied upon to 
Inoreaee the frequency of desirable genes In a group of 
plants ultimately to be used for production of synthetic 
varieties. In this study, It was Impossible to separate 
total genetic variation Into Its components. Thus, to de­
termine the effectiveness of phenotyplc selection for certain 
characters, selections of desirable and undesirable plants 
would have to be made and progeny tests applied. Actually, 
the space-planted nursery used for these studies was de­
signed to Include a broad base of germplasm from which a 
recurrent selection program oould be initiated. This pre­
sents an opportunity to test the effectiveness of phenotyplc 
selection on an individual plant baeis. A tentative plan 
for future study of plant selections from the space-planted 
nursery Is presented below. 
During the second growing season a number of plants were 
selected on the basis of general desirability for leaflness, 
density of growth, panicle production, and disease resistance. 
Most of these plants also were above average in hay vigor. 
Likewise, a number of undesirable plants, average in vigor, 
but poor in leaflness and disease resistance were chosen. 
These plants were brought into the greenhouse and will be 
vegetatlvely propagated so that four replications of single 
plants can be included in a topcroes nursery. Propagules of 
the selected clones also will be maintained in a separate 
source nursery. The topcross psrent, Fischer, will be sown 
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in rows alternating with epaoed-plants of clones to he tested. 
Sufficient seed for a toporosa progeny test probably will 
not be produced the year of establishment. During the second 
growing season the replicated clones will be evaluated for 
vigor, leaflnesfl, disease resistance, and open-polllnated 
fertility. Seed harvested that year from four plants of each 
clone should be sufficient for an adequately replicated 
topcross progeny test. At least two or three years will then 
be required to evaluate progeny performance with respect to 
yield of seed and forage, disease resistance, recovery 
ability, and other desirable traits. On the basis of top-
cross performance ten to twelve, or more, clones each of the 
desirable and undesirable groups will be selected and placed 
In Isolated recombinations blocks for production of 3yn-l 
seed. The latter procedure will take two years, and a 
second generation of interorosBlng might be desirable to 
attain a high degree of random and complete recombination. 
Time might be saved if planting of progeny tests and trans­
planting of clones are done in the fall season. Also, the 
possibility of Intercrossing selected clones in the green­
house during the winter should not be overlooked. This might 
obviate the need for a second generation of recombination. 
Bepresentatlve samples of Syn-1 or Syn-2 seed will be planted 
in flats in the greenhouse nnd later space-planted In a 
field nursery to initiate the second cycle of selection. 
The Fischer variety oould be used as a standard of comparison 
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to measure progress attained In the program of recurrent 
selection for generel oomlalnlng aMllty. 
In view of the number of years (7 to 10 years) required 
to complete a single cycle of recurrent selection for general 
combining ability, it might be Interesting to carry along a 
simple recurrent selection program baaed upon phenotyplc 
selection on a single plant or clonal basis to leam whether 
progeny testing Is more effective for Isolating favorable 
parent material. Conceivably, It should be much more ef­
fective If only a small portion of the total genetic 
variation Is due to additive gene action. Since this would 
be an Improvement program from Its very beginning, some 
Interesting con^arlsons might be possible. It appears 
logical to assume that the worthiness of different selec­
tion and testing procedures can be oorapared only on the basis 
of performance of strains arising from them. 
A number of plants were selected on the basis of wide 
and narrow leaves with the object of practicing a recurrent 
selection program to develop wide- and narrow-leaf lines. 
Not only will this program provide a test for the degree of 
herltablllty of this character, but It also may furnish 
narrow- and wide-leaf types that may be compared for agro­
nomic merit. The characteristic, leaf width, has been 
measured In a number of studies, but little, If any, evidence 
concerning Its value Is available. In addition to leaf 
width, a recurrent selection approach on open-polllnated 
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fertility with this material Is "being considered. 
Another aspect of the proposed recurrent selection 
experiments with this material Is the relative number of 
plants Rotually saved from the different seed sources. 
After individual plants had been selected for desirability, 
or undeslrablllty, a study of the field records showed that 
the largest percentage of good quality selections came from 
the Fischer lota. Comparatively few unfavorable plants came 
from this variety. Few selections of good plants were 
obtained from northern and intermediate strains. As a matter 
of additional interest, all strains and seed lots in the 
apace-planted nursery were assigned a "total merit" score 
based on performance for fall vigor, hay vigor, recovery, 
and disease resistance. These scores, together with the 
number of desirable and undesirable selections from each 
seed source, appear in Table 17. It is evident that the 
number of good selections saved was associated with total 
apparent merit of the seed lots. In general, southern types, 
most of which resulted from mass selection, provided the 
largest percentages of desirable planto. Undesirable selec­
tions were distributed more or less equally over the southern 
types and Turkey Introductions. Plants of the northern 
strains, though generally undesirable, were not saved because 
the Intention was to save only relatively vigorous plants for 
the two groups. 
The need for evaluating grass strains in association 
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Table 17. Total merit soores for 37 seed lots of bromegraBs 
based on performanoe In fall vigor, hay vigor, 
reooverjr, and disease resistanoe; and n-umbers of 
desirable and undesirable plants selected from 
each seed source. 
Mean Total 
dlseasel/ merit 
Boore score 
Bromegraes 
seed lot Source 
No. of aelections 
De- Unde­
sirable Birable 
Fischer 
Fischer 
Fischer 
Fischer 
Fischer 
Fischer 
Fischer 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Lincoln 
Aohenbach 
Aohenbach 
Aohenbach 
Elsberry 
Elsberry 
Ames, Iowa 
New York 
Hawthorne 
Josephson 
Helmick 
Morton 
Jensen 
Mean 
M.A.E.S. 
Dueringer 
RelBB 
Johnson 
Junkin 
Crlppen 
Elbert 
Seyler 
Mean 
K, A« E, S, 
Scrlvner 
Hatland 
MlBflouri 
Ohio 
Mean 
Mean 
.^6 
4.9 
4.9 
4.9 
4.8 
4.8 
4.7 
. i i i iwiwiHii 
ZTTF 
5 . 0  
4.8 
4.8 
4.8 
4.7 
4.7 
4.8 
4.6 
4.6 
4.8 
4.8 
tC7 
4.7 
21.3 3 2 
22.7 13 0 
21.5 10 1 
21.9 12 1 
22.1 9 1 
20.8 5 1 
21.8 6 0 
1^77 Total JE "IS 
20.7 7 3 
21.4 9 3 
19.1 0 3 
20.8 6 1 
18.1 2 3 
20.3 2 3 
20.6 3 0 
19.6 3 
Total 30 l9 
3 3 
5 3 
10 1 
Total T5 "T 
19.2 4 2 
19.7 6 2 
Total lo T 
0anadIan 
Northern Saskatchewan 4.5 15.7 2 1 
Superler Saskatchewan 4.6 13.4 0 0 
Parkland Saskatchewan 4.7 10.5 0 0 
Martin Minnesota 4,5 15.5 1 0 
Mandan 4o4 North Dakota 4.5 13.8 0 0 
Manchar Idaho 4.9 16.9 3 1 
Homesteader South Dakota 4.6 19.7 6 1 
P.I. 173651 Turkey 3.5 19.8 0 4 
P.I. 172760 Turkey 4.4 21.5 1 0 
P.I. 173646 Turkey 4.3 19.2 1 2 
P.I. 178843 Turkey 4.6 19.1 0 3 
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Table 17 (continued) 
Mean Total No. of seleotlo^ 
Bromegrase dtseasel/ merit De- Unde-
aeed lot 3ouroe score eoore sir able air able 
P.I. 1788il'il' Turkey 19.0 9 1 
Mean C? Total 23 IJ 
Oklahoma 
No. 1 Oklahoma k.7 21.3 9 1 
Oklahoma 
Synthetic Oklahorae if.8 22.0 9 3 
Texas Renner 
Strain Texas ^.5 20.5 U- 2 
Lyon Nebraska '4-.8 20.3 5 3 
Lancaster Nebraska i|'.9 19 8 
tI Mean Tk7 Total 3F 
"17 
-'I 16 least resistant; 9 is most reeletant. 
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with legumes 1B another problem thot merits discussion. 
These Investigations showed that bromegrass strains were 
evaluated similarly whether space-planted alone, broadcast 
alone, or broadcast with alfalfa. This was true If only 
first harvest yields and brome components were considered. 
However, correlations of hay vigor In the space-planting 
and total yields of brome alone In solid stands with total 
yields of the grass-alfalfa mixtures were considered too 
low for predictive purposes. Although total annual hay 
yield Is Important, the contribution of grass to the yield 
of mixtures must be considered If the growing of mixtures 
Is desirable. Data from these studies Indicate that It may 
be doubtful If potential production capacity of bromegrass 
strains can be evaluated adequately the first year after 
establishment when total yields are analyzed. Alfalfa 
constituted 85 per cent, or more, of total annual yields In 
these studies and strongly masked strain differences. This 
means that strains probably should be tested under both 
planting methods, unless grass and alfalfa components of the 
mixture can be analyzed separately. It appears that brome­
grass strains can be evaluated efficiently when seeded alone 
in solid stands early In the testing program. The two 
methods of planting probably would be more indicative of one 
another if the mixture contained a larger portion of grass 
than was observed in the present test. Oonsequently, data 
from additional growing seasons are desirable to provide a 
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"basis for more reliable oonoluslona. 
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SUMMARY AND OONOLUSION3 
1. Agronomic performance of a number of seed lots of 
different strains of smooth "bromegrass, Bromus Inermls Leyaa., 
was studied In replloated nurseries, space-planted, broadoaat 
alone, and broadcast with alfalfa. The space-planted nursery 
consisted of seven, eight, four, and two seed lots of Fischer, 
Lincoln, Achenbach, and Klsberry, respectively, produced in 
different areas in the United States, together with eleven 
other strains from the United States and Canada, five Intro­
ductions from Turkey, and three clones. Individual plant 
measurements were taken In this nursery for fall vigor the 
year of establishment, hay vigor, height, spread, leaf v;ldth, 
recovery, and disease resistance. The broadcast nursery 
consisted of 3^ entries and was designed as a split-plot with 
planting methods as v/hole plots and entries as subplots. Two 
forage harvests were made in 1952 In this nursery to obtain 
a measure of agronomic performance. In addition, the first 
harvest of the brome-alfalfa mixtures was separated into 
grass and legume components for a study of oomposition. 
Thirty-two seed lots were common to all methods of planting. 
Objectives were to study plant-to-plant variability, extent 
of genetic variation, and degree of relationship among agro­
nomic characteristics In the spaced-planted nurseries, to 
compare strain performance under the different methods of 
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planting, and to determine whether genetic alterations had 
ooourred in any of the varieties as a oonsequenoe of seed 
production in areas away from the point of origin. 
2. In the "broadcast experiment entries differed signifi­
cantly for first and second harvest and for annual total 
yields of Tarome sown alone. First harvest yields varied 
from 1.^6 to 2.26 tone of dry weight per acre. Southern 
atraine were superior to those of northern origin at "both 
harvests, hut actual differences in second cutting yields 
were small. At the first harvest of the grass-alfalfa 
mixtures, entries varied Bignificantly in quantities of 
grass produced in combination with alfalfa. Percentages of 
alfalfa ranged from 62.2 to 85.9 per cent, with Mandan kok 
the highest and Fischer (Jensen) the lowest. The more 
vigorous southern strains produced greater quantities of 
grass in the mixtures than intermediate and northern types. 
No significant differences among entries were found when 
first, second, and annual total yields of the mixtures were 
considered. It appeared that alfalfa tended to mask brome-
grass strain differences. 
3. In the spaced-planted nursery highly significant 
mean differences among entries were obtained for all charac­
ters studied. Southern strains exceeded northern strains in 
mean fall vigor, hay vigor, height, spread, and recovery. 
Superiority of southern strains in capacity to establish 
vigorous seedlings was especially outstanding. Some seed 
9^ 
lots of Lincoln and Aohentaoh differed significantly In mean 
fall vigor, hay vigor, and spread In comparisons with the 
experiment station standards. Fischer seed lots differed 
significantly In rate of spread. However, all seed lots of 
each of the four varieties performed similarly with respect 
to yield In all aspects of the hroadcaat experiment. Thus, 
It was concluded that one or two generations of seed pro­
duction In areas away from the source of origin had essential­
ly no effect on Inherent forage production capacity. 
Relative plant-to-plant variability of clones and 
of plants from cross-pollinated seed was studied "by analyses 
of variance of arithmetic and log wlthln-plot variances. 
Entries differed significantly In variability of fall vigor, 
hay vigor, height, spread, and leaf width. Seed-derived 
plants exhibited much more variability than the clones. 
Estimates of genetic variation obtained by comparison of 
raean-wlthln plot variances of clones with that of seed-
derived plants were 60, 71, 67, and 6? per cent for hay vigor, 
height, spread, and leaf width, respectively. More than one-
half of the observed total variability for fall vigor was 
environmental in nature. These high estimates of genetic 
variation indicate that some genetic advance might be ex­
pected by phenotyplc selection for such characters. 
5. Interoharacter associations were studied by calcu­
lation of simple, genetic, and environmental correlation 
coefficients. Phenotyplc associations of hay vigor with fall 
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vigor, height, spread, and recovery were positive and highly 
significant ("r" values ranged from 0.757 to 0.9^5 )• It was 
concluded that epaced-plants can be evaluated adequately by 
assigning a single vigor score at hay stage. A low, non­
significant negative association (r » -0.297) between hay 
vigor and leaf width was obtained. More detailed calculations 
of genetic correlations provided little additional useful 
Information. 
6. Methods of planting were compared by calculation of 
correlation coefficients and analyses of entries x methods 
of planting Interactions, Interactions were non-elgnlfloant 
for first cutting and total annual yields, Indicating that 
seed lots performed similarly whether broadcast alone or 
with alfalfa. However, a significant Interaction at the 
second cutting was obtained. Indicating that entries reacted 
differentially to the two methods of planting at that time. 
First harvest yields of brome alone were significantly as­
sociated with the grass fractions and with total first 
cutting yields of the mixtures (r = 0.530 and 0.3^9, respective­
ly). A low correlation of 0.198 Indicated little association 
between total annual yields of entries sown alone and with 
alfalfa. Variation In grass fractions appeared to be more 
Important than alfalfa components in determining differences 
In total first harvest yields. Hay vigor and Its associated 
traits observed In the spaoed-plantlng were positively and 
significantly correlated with first and second cutting and 
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total annual yields of "brome sown alone In solid stands 
("r" values ranged from 0.351 to 0.77^). Hay vigor also was 
highly correlated with the "brome fractions In the mixtures. 
Hay vigor was only weakly correlated with total annual 
yields of the mixtures {r = O.23I). It was concluded that 
the diverse group of strains was evaluated similarly by the 
three planting methods If only grass components were con­
sidered, but strain differences were concealed by the 
relatively large contribution of alfalfa to the total yields 
of the grass-legume mixtures. 
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